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Speed The kive-Day Week 


the five-day week. Some of its larger units have 
instituted this shorter working period but it lacks 
universal adoption. Evidently there are men who still 
expect “things to get better.” But the shorter set of 
working hours offers a method of forcing conditions to 


, \HE petroleum industry should be first to adopt 


get better. 

The five-day week amounts almost to a national 
policy. It has the approval of President Hoover, who 
has called business leaders into conference to determine 
how it can be accomplished. If all the instances of 
its adoption could be enumerated no doubt the showing 
would be impressive. That the plan has growing popu- 
larity is evident. All it needs now is a growing adop- 
tion. 


Unless the workers come out of this depression with 
shorter working hours as their privilege the sufferings 
of the past three years will have gained but little. It is 
the worker who deserves first consideration in the 
shorter week. He has had too little of work but that is 
not reason that the future should give him too much 
work. 

Recent reports place the number of unemployed in 
the United States at more than ten millions. There is 
evidence of a change in the course of business now but 
it will take many months to furnish employment for ten 
million men and women. By reducing the hours per 
man this task of finding places for these millions -will 
be shortened. 


When this figure is studied the wonder arises that 
there has been so little unrest in the United States. The 
Workers of this country deserve praise for their attitude. 
Their patience has been tried to the hurting point and 
it will be tried for many more months. Those charged 
with providing labor deserve praise for the efforts made 
to keep men working in spite of a diminishing demand 
for goods. 

Efiorts of the petroleum industry to give more men 
employment through shorter working hours is almost as 
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old as the depression. The Sunday shutdown was one 
of the first such moves and certain concerns applied it 
in the oil fields, where its adoption was difficult. 

One of the difficulties was that other concerns did 
not adopt such hours. It is difficult to refuse to do 
business when other concerns and other industries insist 
on keeping open as in those days prior to October, 1929. 

Now, however, there is a movement which can make 
Saturday a day of idleness. Some wheels must turn 
regardless of the day, but American industry can reduce 
its Saturday activity to match that of Sunday if it will 
take hold of the five-day week as it should. 

The petroleum industry has a second interest in this 
five-day week. A week of that much labor means a 
week with two days of leisure. More than any other 
industry, petroleum thrives on chances for pleasure. 
Give the American public two days of leisure each week 
and some consumption records on gasoline will be writ- 
ten to make small figures of anything previously known. 

There is a falling off in automobile use now but that 
is temporary. The American people have been put on 
wheels and they will not go back to the ox cart or the 
horse and buggy. These may serve for a spell but the 
ambition of each family is to own an automobile. That 
goal had about been reached when the business world 
turned topsy turvy three years back. So long as that 
desire remains there is assurance that the goal will be 
reached. 

Give each American family its automobile and two 
days of leisure each week and the use of gasoline will 
soar to figures to gladden the eyes of those charged 
with studying consumption curves. 

So the petroleum industry has its dual interest in the 
five-day week. From the humanitarian standpoint it 
should match what other industries are willing to do. 
From a selfish viewpoint it should take the lead, for it 
stands to profit by providing men and women with the 
leisure that will allow the use of its merchandise. 
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SYNTHETIC AMYL 


Alcohols and Amyl Acetates 


Start from the 


Chlorination of Pentane 


poration operates the only plant of its kind 
in thé world where amyl alcohols and amyl 
acetates are synthetically produced. Production of 
these products in this plant was begun in the fall 
of 1926, and, although many changes have occurred 
during the six years of operation, still the basic 
principle of operation is the same. 
Briefly the operation may be described as consist- 
ing of three steps: 


‘ T Belle, West Virginia, Sharples Solvent Cor- 


(1) Chlorination of the pentane to form amy] 
chloride 


C,H,, + Ci, = C,H,,C1 + HCl 


Chlo- Amyl Hydro- 
tane rine Chlo- chlor- 
ride ic Acid 


(2) Hydrolysis of the amyl chloride to produce 
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amyl alcohol as indicated by the following reaction 
in which an aqueous solution of caustic soda is em- 
ployed in the presence of a catalyst of oleic acid. 


C,H,,Cl + NaOH = C,H,,0OH + NaCl 


Amyl Sodium Amyl Sodium 
Chloride Hyd- Alcohol Chlo- 
roxide ride 


(3) Acetylation of Amyl Alcohol to produce 
Amy] Acetate. 


CsH1OH CH;COOH = CH;COOC;Hu - H.0 


AmyI-Al- Acetic Amyl Ace- Water 
cohol Acid tate 


But, when we consider that the pentane used con- 


Amyl Chloride 
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Process for Synthesis of Amyl Compounds from Pentane 
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sists of two of the possible three isomers and the re- 
sutling products are composed of six of the possible 
seven isomeric chlorides, six isomeric alcohols cor- 
responding to these chlorides and five acetates, some 
of the complications involved in the complete process 
appear. Add to this, the formation of by-products 
occurring from side reactions and polymerization 
and a more complete picture of the problem is ob- 
tained and it is realized that while these three steps 
serve to outline the procedure still by no means do 
they tell the complete story. 

The Sharples plant was designed and constructed 
to produce amyl alcohols and amyl acetates to meet 
the ever increasing demand for high boiling lacquer 
Solvents occasioned by the rapid advancement in the 
development of lacquers for use in the automobile 
industry. Fusel oil and fusel oil acetates were em- 
ployed for this purpose. The fusel oil is obtained 
as a by-product of ethyl alcohol manufacture and 
can not be obtained in sufficient quantities to meet 
the market’s rapidly expanding demands and so the 
development of the synthetic products was sought. 

Previous laboratory experiments in the chlorina- 
tion of hydrocarbons had indicated the practicability 
of chlorinating pentane at temperatures above 
200°C., 392°F.) in the absence of light and without 
the use of a catalyst. Hence, the plant was designed 


Equipment for Absorption of Muriatic Acid from Pentane 
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for the commercial application of this reaction. The 
successful plant operation of the past six years has 
more than justified the laboratory experiment. 


CHLORINATION 


In the chlorination plant there are only two raw 
materials required—chlorine and pentane. The for- 
mer is liquid chlorine obtained by pipe line from a 
chlorine plant located on the adjacent factory site. 
This chlorine is carefully tested for water and mois- 
ture content maintained below 1000 parts per million 
as the presence of moisture causes corrosion of 
proccess equipment. The pentane, although at one time 
necessitating special fractionating equipment for its 
preparation, is now available from several of the 
larger gasoline refineries in sufficiently close cuts 
to be chlorinated without further fractionation. This 
pentane is the fraction (boiling 27°-—40°C. or 80.6 
—104°F.) from natural gas gasoline and consists 
principally of normal pentane and isopentane in ap- 
proximately equal proportions with a small amount 
of butane and hexane present as impurities. This 
pentane is received in tank cars and unloaded by 
gravity to the storage tanks from which it is pumped 
as desired to a dehydrator and after drying passed 
to the process tanks. From the process tanks the 
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Equipment for Hydrolysis of Amyl Chlorides, showing Digesters and 
Circulating Pumps 


dry pentane is pumped continuously to the chlorina- 
tion unit. 

Both the chlorine and pentane are passed through 
steam heated vaporizers to convert them to the va- 
por state before mixing. Mixing is effected by in- 
troducing the vaporized chlorine into the sides of a 
Venturi nozzle through which the pentane passes on 
its way from the vaporizer. The expansion resulting 
from passing through the nozzle affords the high 
velocity which is necessary for intimate mixing. 
The pentane at the throat has a velocity of one mile 
per minute and 92,000 gallons pass through the throat 
daily. Yet only three gallons are present at any one 
moment and not over eight ounces of uncombined 
chlorine is in contact with pentane at any given mo- 
ment, and still 18 to 24 tons of chlorine are reacted 
daily. All this is due to the speed of the reaction 
which is completed in 2% seconds. 

From 15 to 20 parts pentane to each part chlorine 
is circulated. This insures thorough mixing and de- 
creases hazard of burning in the throat. Tempera- 
tures at mixing are necessarily kept low to inhibit 
reaction before mixing is complete as this tends to 
increase the formation of undesirable polychlorides. 
Immediately after mixing, the gases are passed to 
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a gas-heated pipe still consisting of 
a series of manifolded harps. Heat- 
ing here to 260°C (500°F.) accel- 
erates the reaction, but in order to 
keep the formation of undesirable 
polychlorides at a minimum it is im- 
portant that the time of heating be 
very short. Hence, the gases are 
passed immediately to a bank of 
pipes cooled by water spray and 
chilled sufficiently to stop further 
reaction before passing to the frac- 
tionating towers. 

During this process of chlorina- 
tion, two by-products, both undesir- 
able, may be formed: 


(1)—Amylene from the break- 
ing down of amyl chlo- 
rides 

C,H,,Cl = C,H,, + HCl 

(2)—Polychlorides from the 
further chlorination of 
amyl chloride. 

Employing ‘lower temperatures 
and higher pressures tends to keep 
the amylene formation at a mini- 
mum. However, this can never be 
entirely eliminated. Any amylene 
formed will remain with the un- 
combined pentane on recycling and 
will be instantly converted to di- 
chloride on the next cycle according 
to the following reaction: 

C,H,, + -Cl,:==::C,H,,ClL, 

Efficient fractionation of the amyl chloride from 
the pentane keeps the amount of amyl chlorides re- 
cycled to a minimum and hence precludes the for- 
mation of polychlorides by the direct chlorination of 
amyl chloride. 

The exit gases from the pipe still, after cooling, 
are passed to the first of four continuous fractionat- 
ing columns of conventional bubble-cap design. This 
first column is so operated by maintaining a high 
reflux ratio as to permit nothing but excess pentane 
and the hydrochloric acid formed in the reaction to 
pass off overhead. This mixture is returned to the 
process tank at the start of the system from which 
the pentane is recycled to the vaporizer and part of 
the hydrochloric acid is withdrawn to the dehydrator 
for drying pentane, the balance of the hydrochloric 
acid going to the recovery plant. 

The bottom product from the first fractionating 
tower is pumped to a second tower. This product 
is a mixture of amyl chlorides and unreacted pen 
tane. The overhead product from this column 1s 
rich in pentane and is returned to the feed of the first 
column while the bottom product which is of high 
chloride content and contains little pentane is passed 
to the third column. In this column the dichlorides 
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cel- § head product of amyl chloride and small amount of The unabsorbed gas which is chiefly pentane. is 
r to § pentane is removed to a fourth column from the base next scrubbed with slightly alkaline brine with- 
able § of which relatively pure amyl chloride is drawn to drawn from the digesters in the subsequent hydrol- 
im- § storage, the pentane-amyl chloride overhead prod- ysis operation. The neutral gas is then compressed i 
x be # uct being returned to feed of first column. and the liquid pentane returned to the dehydrating i 
are The dichlorides and more highly chlorinated prod- tank for recycling. Neutral brine from the scrubbers f 
of § ucts drawn off from the base of the third column is returned to the chlorine plant for use in the elec- ; 
and § above are caustic distilled in the discontinuous still trolytic cells for generating more chlorine. 
ther § by batch process as a charge is accumulated and the 
rac- § dichlorides sent to storage while the tarry residue HYDROLYSIS 
remaining is wasted. The amyl chlorides drawn off from the base of 3 
ina- the fourth column in the chlorination plant is a mix- 4 
‘Sit- HYDROCHLORIC ACID RECOVERY ture of six isomers. Ninety-five per cent of these 
For every atom of chlorine that combines with an mixed chlorides distill on Engler distillation between 
c- atom of pentane one molecule of hydrochloric acid is 85° and 107°C, (185 and 224.6°F.) and the only im- 
)- formed. As mentioned above this hydrochloric acid purities present are the amylenes. ' 
passes off in the product taken overhead from the These mixed amyl chlorides are converted to the | 
Cl first column in the chlorination plant together with amyl alcohols by hydrolysis with aqueous caustic 
e the unreacted pentane and is returned to the process soda in the presence of oleic acid which serves as a 
f tank. catalyst. 
A portion of this hydrochloric acid is drawn off to This process is continuous and is carried out in i 
ires § the dehydrator and bubbled up through the pentane two digesters connected in series with agitation sup- i 
eep where it combines with any water i 
ini- that is present in the pentane to 
be form aqueous hydrochloric acid 
ene which settles to the bottom of the 
un- dehydrator from which it is drawn 
and #§ to the sewer periodically. Thus a 
di- thoroughly dry pentane is drawn 
ing off at a slightly higher level to the 
process tank. In this manner, the 
L, pentane is effectually dried by us- 
— ing only a small portion of one of 
bi the reaction products and introduc- 
seo ing no extraneous drying agent. 
4 The dry hydrochloric acid not 
passed to the dehydrator and that 
ng not taken up by the water in the 
i* dehydrator is passed through a con- 
his denser where the greater part of the 
igh pentane is condensed and removed, 
ine Ff and thence through a double coun- 
4 ter-current system of silica tourills 
the where it is absorbed in water. This 
ich hydrochloric acid absorption unit 
3 differs from conventional designs 
wd only in that it is operated at suf- 
ae ficiently high temperature to keep 
any pentane volatilized. The 
Ing flow of water is adjusted so as to 
. deliver hydrochloric acid of a 
= strength corresponding to 20° Be. 
. 4 ‘oa twin set of rubber lined blow- , J 
re cases which are alternately blown ™ . 
igh to tank cars or storage. The grade Equipment—Acetylation of Amyl Alcohols 
sed Left to Right—Feed Tanks for Alcohols and Acetic Acid, Distillation Column 


and higher products are removed from the base to a 
separate still not run continuously -while the over- 


of hydrochloric acid produced is the 


very best, as it is free from sulphates and all impurities 
except traces of iron. 





for Continuous Acetylation, Column for Rectification of Crude Amyl Acetate. 
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plied by circulating pumps. Heat is supplied to the 
reaction mass as it passes through steam heaters 
placed in the circulating line. 

One of these digesters is maintained full and to 
this digester the amyl chlorides and a 12-15 per cent 
caustic solution are pumped continuously. This 
caustic is purchased from the neighboring electro- 
lytic plant as approximately 30 per cent and diluted 
as required to meet the needs of the digesters. 

The other digester is carried only partly full and 
from the vapor space of this digester the products 
of hydrolysis together with any unreacted chlorides, 
water and amylenes are continuously distilled. 

Circulation is from the top of one to the bottom of 
the other so that the caustic and chlorides have 
maximum opportunity for intimate contact. This 
contact is further enhanced by the oleic acid added 
as a catalyst. 

The choice of a catalyst was one of the details 
that required much experimentation before being 
finally developed to the present state of satisfaction. 
To begin with, the amyl chloride is a mixture of six 
different isomers. These chlorides are very different 
in their behavior toward hydrolysis. The tertiary 
hydrolyses with water with comparative ease, the 
secondaries react less readily and the primaries not 
at all. Alkaline solutions do not change the respec- 
tive behavior of the three classes toward hydrolysis 
but in the case of those two which do hydrolyse the 
presence of an alkali is desirable for removing the 
hydrochloric acid formed. Increasing the tempera- 
ture,and ensuring intimate collodial contact does not 
effect hydrolysis of the primary amyl] chlorides. 

Sodium oleate which is readily formed by the re- 
action of the caustic on the oleic acid was found to 
be a satisfactory medium as it was beneficial in the 
case of all three classes of chlorides. With the or- 
ganic compounds present, sodium oleate forms a gel 
which holds water in suspension and thus serves to 
disperse the water throughout the digester mass and 
so bring it into intimate contact with the tertiary 
and secondary chlorides thus promoting hydrolysis 
of these two classes. Moreover, sodium oleate is it- 
self in intimate contact with the secondary and pri- 
mary chlorides thus affording them every oppor- 
tunity to convert to amyl oleate and amyl oleate hy- 
drolyzes readily to amyl alcohols in the presence of 
caustic. 

Careful control by the laboratory keeps the opera- 
tors informed of the composition of the digester 
mass at all times and the feed of caustic and amyl 
chlorides, which is from weight tanks, can be varied 
according to laboratory reports so as to keep the 
composition of the digester mass at all times within 
well appointed limits. 

Some oleic acid is lost in withdrawals of brine and 
taking samples, etc. so that it is necessary occassion- 
ally to add fresh acid to replace the deficiency. All 
oleic acid ‘collecting in the brine tanks is reworked 


by boiling with sulphuric acid, washed acid free and 
recovered for reuse in the digesters so that the con- 
sumption of oleic acid is very small. 

The circulation by means of outside pumps and 
dispersion effected by the oleic acid does away with 
the trouble always encountered in agitator mixing 
where high pressures and temperatures are employed 
in the processing of volatile materials. Loses are 
thus reduced as well as the depreciation of equip- 
ment. 

The heaters themselves are made with 180° Tube- 
Turns and are of welded construction throughout. 
This reduces corrosion and plugging of heater pipes 
and reduces the chances of leaks accordingly. 

The product continuously distilled from the sec- 
ond digester is a mixture of amylenes, amyl chlo- 
rides, amyl alcohols and water. Amylene is formed 
from the breaking down of amyl chloride. Hydrol- 
ysis is never 100 per cent complete, which accounts 
for the amyl chloride, and the water is introduced 
in the caustic solution. 


FRACTIONATION OF DIGESTER PRODUCTS 


The next problem is the separation and fractiona- 
tion of these products. This is effected in a series of 
three fractionating columns, each operated accord- 
ing to the material it is designed to handle. The 
first column removes the amylene as an overhead 
product. 

The second column removes the amyl chloride. In 
the early days, when this operation was carried out 
as a batch process, it was found extremely difficult 
to effectively separate the amyl chloride and alco- 
hols. In spite of repeated fractionation and pains- 
taking endeavors, the dry amyl alcohol contained 
traces of amyl chloride. It was learned, however, 
that the wet distillation employed in the prelimi- 
nary dehydration always carried the major portion 
of these chlorides. In this way it was discovered 
that there really was a three component constant 
boiling mixture of alcohol, amyl chloride and water. 
Advantage was taken of this and now this second 
column is heated continuously by live steam intro- 
duced through a sprager line, which not only fur- 
nishes the necessary heat but at the same time sup- 
plies the water required for the formation of this 
constant boiling mixture. The overhead product is 
passed through a decanter from which the undis- 
solved water is continuously drawn and sent to a 
still employed for recovering all oils from water so- 
iutions from all processes, while the amyl chloride- 
alcohol mixture is returned to the digester for re- 
treatment. 

The bottom product from this second column is 
fed to a third column which delivers a dry alcohol 
at the base and passes a constant boiling alcohol- 
water mixture overhead to a decanter from which 
the oil layer is returned to the first column and the 
water sent to the recovery still. The dry alcohol 
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from the base is passed to 
crude alcohol storage tanks 
from which it is withdrawn in 
batches for rectification. 


RECTIFICATION OF 
ALCOHOLS 

In the rectification of the 
crude alcohols we have the 
first batch process in the 
manufacture of the alcohols, 
everything having been con- 
tinuous heretofore. Since 
there are produced six differ- 
ent alcohols, this part of the 
operation is done by batches 
and cuts made according to 
the demands of the market. 
The tertiary alcohol is first 
removed and ordinarily the balance distilled over with- 
out further fractionating. The mixture of the five 
remaining alcohols is marketed under the trade name 
of “Pentasol.” 

To meet the special requirements of some custo- 
mers close-boiling cuts of normal butyl carbinol, sec- 
ondary amyl alchol, isobutyl carbinol, methyl propyl 
carbinol or diethyl carbinol are either taken out di- 
rectly or a cut rich in the alcohol desired accumu- 
lated and refractionated. A water-soluble cut with 
a boiling range of 128°—132°C. (262.4°—269.6°F) is 
also prepared in a separate unit by first extracting 
the water soluble portion and then dehydrating and 
fractionating. 

The residue accumulating in the rectification still 
is accumulated until a batch is on hand. It is then 
stripped of all alcohol by straight distillation, after 
which it is steam distilled to recover the amyl ether, 
a small amount of which is formed in the process. 
Also from this residue there is recovered any oleic 
acid that has inadvertently been 
from the digesters. 


carried through 


ACETYLATION 


Since the tertiary amyl alcohol has a tendency to 
decompose on acetylation, this alcohol is removed 
from the product to be used for acetylation as de- 
scribed above. The secondary alcohols are present 
in too great a proportion to make their removal prac- 
tical. 

Equipment for the acetylation of the “Pentasol” 
is standard in design and consists simply of a copper 
kettle and fractionating column with auxiliary feed 
tanks for alcohol and acetic acid. 

This process is continuous. The reaction is strictly 
reversible and to force it to proceed in the desired 
direction the water formed is removed. Sulphuric 
acid is employed as a catalyst. A low concentration 
of acetic acid in aqueous solution is maintained in 
the kettle and amyl alcohol and acetic acid fed in 
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Equipment for Chlorination, Showing Battery of Circulating Pumps and 
Instrument Panel for Control. 


in approximately reaction proportions. Overhead a 
mixture of amyl acetate and unreacted alcohol and 
water is continually removed and a high reflux on 
column keeps the acetic acid washed back to the kettle. 

The crude ester taken off runs about 65 to 70 per 
cent ester. It is slightly acid and hence is dropped 
to a neutralizing tank where it is treated with soda 
ash to neutralize all free acid before final rectifica- 
tion. 

RECTIFICATION OF AMYL ACETATE 

Here again a batch process is employed. The 
equipment is a steel kettle with a coppe? fractionat- 
ing column. Fractionation is carried on slowly “ntil 
the heads containing chiefly alcohol are removed, 
then take-off increased and the batch rapidly dis- 
tilled and dropped to receiving tanks. Here’ it is 
blended with other batches to meet shipping speci- 
fications and pumped to storage or tank cars for 
shipment. 

The heads taken off are returned to the acetyla- 
tion unit for reacetylation to build the ester content 
up. Laboratory control enables the operator to run 
these heads in with the regular alcohol feed with- 
out upsetting the kettle balance. 

The acetylated alcohols is a mixture of five iso- 
meric amyl acetates and marketed under the trade 
name of “Pentacetate.” 

In connection with the main plant, the operation 
of which is devoted to the production of Pentasol 
and Pentacetate, there is maintained an experimental 
plant. Here there is a complete unit for experimental 
chlorination, several stills and columns for fractiona- 
tion work of all kinds. 

Several new products are being produced on a 
small scale in this section of the plant and research 
work is being conducted on several others which it 
is expected will result in the development of new 
uses and new fields for the now established prod- 
ucts, the manufacture of which has been herein de- 
scribed. 
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Brunn-Koenigsfeld' Type Pipe Still 


Erected At Fiume, Italy 


DIRECTOR RICHARD 


NEUMAN 


Brunn-Koenigsfeld 


Translated from Petroleum Zeitschrift 


erected at Fiume, Italy, a pipe still for crude 

oil distillation, which contains many novelties 
and is the last word in applying the principles of distilla- 
tion to commercial oil practice. This still has been 
erected in conjunction with its modernization program, 
and has replaced a battery of crude oil stills that have 
been in operation there for the past 40 years. 


RR erect at F di Olii Minerali Soc. Anon., has 


The design and erection of this new equipment was 
carried out by Brunn-Kralovo-Pol’er Machine and Car 
Works, A. G., of Brunn-Koenigsfeld, C. S. R. 

In Figure 1 is shown the flow sheet of this pipe still. 
By means of crude oil pump L and through heat ex- 
changers G. H. K., crude oil is pumped into the system 
and it enters the pipe still A preheated to an inlet 
temperature of 400°F. In the coils of the pipe still the 
oil is further heated both by radiation and conduction, 
and the heat input is sufficient to vaporize 93 per cent 
of the total crude entering the system. Upon leaving 
the pipe still, the crude and its vapors have reached a 
temperature of 790°F. 

The stack gases leave the still comparatively cool due 
to the arrangement of~allowing the incoming crude to 
flow countercurrent against the gases. Just before en- 
tering the furnace proper, the crude has been in con- 
tact with the hottest portion of the exit still gases. 


The fuel oil used is that obtained from a Holmes- 
Manley cracking still nearby. The cracking plant was 
also erected by the same firm as mentioned above. When 
prices warrant, the soft grade of asphalt made in the 
pipe still is used as fuel, after being heated to thorough- 
ly liquefy it. 

The furnace of the pipe still is also so arranged as to 
contain a set of steam superheater coils, the latter re- 
ceiving the entire waste refinery steam from pumps, etc., 
superheating it to a high degree, and making it available 
for steam rerun operations or for use in the steaming 
columns. 

The material leaving the coils of the pipe still con- 
tain 93 per cent of the total crude as vapor and seven 
per cent asphaltic bottoms, and passing through the 
transfer line it enters the first of two modern bubble 
towers. Here the seven per cent asphaltic residue is 
withdrawn and the desired side streams are obtained as 


overhead cuts at the side of the tower. The asphalt is 
drawn off by a pump controlled by liquid level con- 
trols, while the ascending vapors follow up through a 
large number of adjustable bubble cap plates, where the 
narrow fractionation into cuts takes place. Usually a 
kerosene cut is refluxed over this tower in such quan- 
tities for making certain products, which are at the 
present time of operation: Gas oil; light paraffin dis- 
tillate (contains pressable wax) ; and heavy paraffin oil 
distillate. The latter stock is used to further refine 
high viscosity motor and cylinder stocks. 

The vapors not condensed in the first tower, and 
which consist of light and heavy gasoline fractions as 
well as kerosene are next passed through exchanger H 
and then enter the second fractionating tower. This 
tower separates light benzine, white spirit, and kero- 
sene. This separation is accomplished by refluxing ben- 
zine distillate over the tower by means of pump N. 

The light benzine leaves the tower partially as a 
vapor, but loses its heat and is further condensed in 
the crude oil exchanger G. The towers are equipped 
with stripping columns in which any of the above cuts 
may be passed and by the use of a small amount of 
steam injected into these strippers, a further removal of 
light ends can be obtained, and bottoms products from 
the strippers may be made to comply with special flash 
tests, viscosities, and so forth.’ The-cuts from the strip- 
ping columns are liquid when they enter the final coolers 
by means of float controls. 

It is especially these stripping columns that lend great 
flexibility to the whole fractionation arrangement, and 
which the Brunn-Koenigsfeld concern has shown to be 
adaptable not only for rapid changes in making new 
products from time to time, but also flexible to any 
change in the base or type of crude that might be avail- 
able. 

The towers are so arranged that any further number 
of bubble cap trays may be inserted between those pres- 
ent, or any number may be moved closer or further 
apart. This allows a great number of exceedingly pure 
cuts that may be obtained, and the proceedure in gent 


eral is not common in American or other European 
plants, as far as the writer is aware. This success i 
obtaining narrow cuts is simplified by the use of auto 
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matic valve control, using the float and liquid level con- 
trol principle. 
PREHEATER 

Of especial interest is the preheater H which con- 
denses the greater part of the kerosene necessary for 
efficient fractionation in the first tower from the vapors 
which leave No. 2 tower. The heat given up by the 
kerosene vapors in cooling is absorbed by cool incom- 
ing crude, and this of course makes for a great saving 
in thermal efficiency of the whole plant. Indirectly this 
allows a minimum of reflux benzine necessary for frac- 
tionating in tower No. 2. Great saving of cooling water 
for the condensers thus results, and this is due again 
to the small amount of benzine which is still in vapor 
form. 

All of the pumps, such as feed, reflux and residue 
pumps are so arranged that they may be operated in a 
few minutes by steam instead of electrical current. 

Throughout the plant great stress is laid upon the 
complete accuracy of all the temperature control de- 
vices, automatic controls, and steam regulators, and this 
has resulted in the employment of very few men that 
are actually needed to run the still. The usual control- 
board room seen in other refineries is housed in a small 
building, and here accurate control is provided for. 

At present Grosny crude is run and the following 
finished products are obtained: 


LIGHT BENZINE 


KEROSENE 


Sp. 5s gid co OPS cs iigtaed ee eee ena aan 0.820 
LB eth eb cise isa thes eta 400° F. 
By Ra x 0 Laks Lae ckuatar ae ese 548°F. 
Flash, hee OD ee oe 183°F 
GAS OIL 

oe. ane oi Gace Ghee pee wae ean eae 0.849 

We Ps cinnihan bes dela teaaeeras 560° F. 
E. BR dia gids 4 ue Hed L Ree eee 680°F. 
Wie: MONE cs os alc. Gacants sae eea eR 2.0 E at 20 Cent. 
Flash: Open: GG0 ic s.053.6e5 ved in ales sie 295°F. 
Pour point, PORES o.oo sictitkce edness eens 46°F 

LIGHT PARAFFIN OIL 
Sp. GEAVRY 5 SN a ee 0.871 
VEG. THR 5. ahaa see sete arcane ee ee 1.8 Eng. 
Figs GOON: <) o.5%5 has cate OF, 
FOG FO a Shee ca skanns cence anes 83°F. 
HEAVY PARAFFIN OIL 
So: . Gravity oi aie ooh ekg coe eee 0.920 
Weer. 26D Sethe ci iis ston den bvcesweeen 2.8 Eng 
Tash. OCR CUO 2555's sake yssate meer 482°F. 
POUC, PORES: cs 28a wos es te ee 122°F 
ASPHALT 

S50; rage Soa.) See chees Mies ee over 1.00 
M, °F Rramet-Saanow sii sass a 118-122°F. 
Piast, ODOR 3. oS ess vy apache eee 48°F. 


Although this plant has now been operated continu- 
ously for the past two months at the relatively high 
transfer-line temperature of 788°F., not a trace of coke 
or free carbon has been found in the tubes or on the 
plates in the towers. This is proof that the distillation 
is taking place without the presence of cracking reac- 
tions. 

The asphalt produced is free from carbon and the 
benzole insoluble test on this product shows 0.05 per 
cent insoluble matter. 

The plant is noted for its great efficiency in heat 
transfer, steam consumption, and for the purity of over- 
head cuts, and the arrangement described in this article 
is capable of giving sharper fractionation than do most 
of the modern pipe still arrangements. 
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Key to Diagram 
A—Pipe still. 
B—Bubble Tower No. 1. 
C—Bubble Tower No. 2. 
D, E, F,—Steaming Columns. sear 
G, H, K—Heat Exchangers. ee 
L—Crude Charging Pump. B 
M, N—Reflux Pumps. ee 
O—Asphalt Pump. mee 
P—Fuel Oil Pump. }— _ 
R—Cooler. Sana 
S—Steam Superheater. abe. 
T—Outlet Control Valve. ee 
U—Liquid Level Control Valve. cae 
V—tLevel Controller. b= 4 
W—tTemperature Controller. Rew 
Z—Automatic Proportioning Valve. coos 
1—Asphalt. Pe tte Pz 
2—Heavy Par. Dist. a RT Sr Bete 
3—Light Par. Dist. Niakias meen 
4—Gas Oil. A < yi) 
5—Kerosene. , arnt off iT 
6—White Spirit. atone | ae 
7—Motor Gasoline. tt 5 = ee 
8—Fuel Oil. p< tony Be ge 
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austic Soda 


[PART 1] 


and the P etr oleum Industry 


AUSTIC soda is manufactured into various 
C forms to suit different trades, such as flake, 

ground, powdered, etc., but the only forms of 
particular interest to refiners are the solid form in 
drums, and the liquid form which is shipped in tank 
cars. The choice between these two forms is largely a 
question of freight costs, or where costs are nearly 
equal, a matter of convenience and economy in handling. 
Prices are of course based on actual content of sodium 
hydroxide in either case, although the prices are not the 
same per pound as the liquid can be produced cheaper 
than the solid, which is merely a completely dried prod- 


L. J. CATLIN 


Chief Chemist, Standard Oil Company 
of Kansas 


100 per cent NaOH and for the liquid about 50 per 
cent NaOH. In connection with these designations, it 
may be pointed out that many of the manufacturers are 
adopting the practice of quoting the per cent NaOH 
instead of the per cent Na,O which form of describing 
is a relic of the days of pure chemistry for chemistry’s 
sake, and not for industrial processes. The rating most 



































































































































uct. The usual grades are for the solid about 98 to generally used was 76 per cent Na,O which is equivalent 
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to 98.09 per cent NaOH but the latter term is much 
more intelligible to the average person. 


The economics of this question has been worked out 
on a graph by one of the marketers and is shown in 
Figure I. Comparison is given of the two forms, as- 
suming a base price of $2.20 per 100 pounds for liquid 
and $2.54 per 100 pounds for the solid, with freight 
rates to be found on the other side of the chart. It is 
shown on this particular case that a freight rate of 
$.37 marks the critical point. If the freight rate is more 
than $.37 the total cost is less by using the solid form; 
if less than $.37 it is less for the liquid. For other 
base prices, lines may be drawn from the price line at 
zero freight rate, parallel to the respective lines for solid 
and liquid, and the new intersection will show the 
critical freight rate for that combination of prices. 

In case the same freight rate does not apply to the 
solid and liquid, comparison may be made by starting 
on the freight line at the rate, and following horizontal 
to the line which bears that rate, then reading total cost 
vertically below, as illustrated by dotted lines for a rate 
of $.16%4 for liquid and $.19 for solid, resulting in total 
cost of $2.51 for liquid and $2.73 for solid. 

Assuming a case in which the total cost is equal, there 
are a number of factors entering into consideration of 
which to use. In the first place consideration must be 
given to equipment for handling. Solid caustic is shipped 
in drums sealed with friction caps and weighing in the 
neighborhood of 700 pounds per drum. Greatest ‘con- 
venience in this case comes from car lot shipments where 
an industrial siding is located near the treating plant or 
other principal point of use, and platforms or inclines 
can be installed for rolling drums directly to place of 
storage and use. Where hauling is necessary it is usual 
practice to erect platforms or other structures for stor- 
age on a level with truck beds to avoid lifting. Con- 
venient supports are often built of angle iron with the 
channel turned up to act as guides for the drums. Such 
a system for storage and handling was described in 
THE REFINER AND NATURAL GASOLINE MANUFACTURER, 
Vol. 11, No. 1, Jan. 1932, page 40. If melting tanks are 
placed at one end of such storage platform no further 
lifting is necessary. Sheltered storage is not absolutely 
necessary for caustic drums, but is often provided where 
shipments are considerable in advance of use. 

Solid caustic soda is usually removed from drums by 
melting with a jet of open steam directed into the open- 
ing provided by removing the friction cap, and punch- 
ing a few holes near the edge to allow the melted caustic 
to drip out. A tank must be provided large enough to 
allow sufficient dilution to prevent solidifying again after 
removal from the drums. From this point handling will 
be the same as with liquid caustic. 

Essential equipment for handling liquid caustic soda 
consists of (1) tanks for storage; two tanks of at least 
10,000 gallons capacity should be sufficient in most 
cases. (2) Pipe lines from unloading point to storage 
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a4 HE Earning Power of Research,” was 

an expression frequently seen in tech- 

nical and industrial papers in the years 
following the war. Dramatized by war, and pop- 
ularized by a group of chemists who knew the 
language of business and luncheon clubs as well 
as the college lecture room, this slogan has thor- 
oughly permeated the thought of executive offices 
through the country and fired the imagination of 
youth in the schools until we need not fear that 
America ever will lag behind the rest of the world 
im scientific development. 

What will be the next slogan is a question that 
might help to answer many anxious queries to- 
day. It is being coined at present but it will be not 
merely some clever quip but something which ex- 
presses the answer to the fix we are in. We know 
it 1s due because the world thinks only in short 
hitches and when something gives the world a 
jolt it has to start over. For a long time we had 
what was called Twentieth Century Conditions; 
then we had post-war conditions; now we are en- 
tering post-depression conditions. But they have 
not been “posted” yet. 

This is not intended to convey the impression 
that the importance of research has diminished. 
As a chemist I do not intend to leave the impres- 
sion that the importance of chemistry to industry 
ever will do other than increase. But research has 
been more carefully defined in the minds of the 
executives as well as the chemists until research 
is in many instances a department unto itself with 
programs far beyond individual effort. 

Some have never abandoned the hope of mak- 
ing some “great discovery” but many realize that 
nothing will come of discovery unless it is tied 
imto some larger plan. Even the once simple mat- 
ter of taking out a patent has gone beyond the 
reach of an individual in a lifetime and the use- 
fulness of most patents is exhausted before the 
papers can be issued. So the best job for the 
chemist may be.that of swapping stories and wm- 
proving the “art” of chemistry, which is in other 
words showing the “earning power of chemical 
control.” 


Reviewing fundamentals is always profitable 
and outside contacts stimulate fresh thought. My 
only regret is that the editor did not assign this 
subject to someone in the cuastic soda industry 
as was done with Lime recently discussed by S. P. 


Armsby. In attempting to cover this subject I have 
had helpful cooperation from manufacturers and 


marketers of caustic soda. 
The Author. 
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and from storage to point of use; (3) steam line at the 
car unloading point for winter unloading; (4) means of 
transferring liquid, either centrifugal pump or air- 
pressure. 

Storage tanks should either be in buildings where heat 
is available, or insulated and provided with heating coils 
for winter use. Temperatures above 55° F. will prevent 
any trouble from crystallizing of the 50 per cent solu- 
tion. Details of handling from tank cars may be sug- 
gested by Figure I. 

In connection with handling ‘of liquid caustic soda 
there might be a case in which sufficient storage space 
is available to allow diluting as it is unloaded to obviate 
the necessity of warm storage rooms. Figure III affords 
information necessary to calculate the amount of dilu- 
tion necessary to prevent freezing, or crystallizing at 
temperatures anticipated. The lower, irregular curve, 
shows crystallizing, or freezing points for various 
strengths, and the upper curve boiling points. The lower 
curve finds application to handling problems with either 
type of caustic and also suggests that there may be 
differences in chemical properties for certain uses due 
to differences in molecular structures. 

When working with or near caustic soda in any form, 
care should be taken to prevent this chemical from get- 
ting on to the clothing or body. Cotton, linen and rubber 
are more resistant to caustic soda than leather or wool 
which are easily attacked. Rubber gloves are excellent 
protection for the hands but have a tendency to become 
slippery and on this account are disagreeable to use. 
Heavy canvas gloves offer excellent protection which 
is still further improved by placing an additional piece 
of heavy canvas cloth over the palms. Canvas shoes 
with rubber soles and heels are quite satisfactory al- 
though some workmen prefer low acid-proof rubber 
shoes. Glasses or goggles should be worn at all times 
when handling caustic soda. 

Caustic soda coming in contact with the skin tends 
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to penetrate into the flesh tissues rapidly, producing bad 
burns unless prompt action is taken. Whenever this oc- 
curs, a 10 per cent solution of amonium chloride should 
be applied freely to the parts affected. If caustic soda 
comes in contact with the eyes, a one per cent solution 
of ammonium chloride or a two per cent solution of 
boric acid should be used immediately as an eye wash. 
It is highly advisable, therefore, to maintain a source of 
water and a first aid cabinet, conveniently located near 
workmen handling caustic soda. The cabinet should 
contain the solutions mentioned above and also an eye 
glass, a tumbler and a wash bottle of water. All caustic 
burns should receive prompt and competent medical at- 
tention immediately following first aid treatment. 

Most refineries have safety organizations which assure 
fairly intelligent handling of such cases, but in case 
workmen are sent to first aid stations for treatment care 
must be exercised to see that those in charge know 
what the nature of chemical burns are. This is neces- 
sary because of the tendency of men unfamiliar with 
chemicals calling everything “acids.” The writer recalls 
one such case in which a pipe fitter came in for treat- 
ment for “acid” burns and after thoroughly treating 
with sodium bicarbonate and putting on the ointments, 
it was discovered that the burns were caustic burns 
which should have received the opposite treatment. 
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Hydrogenation Now Proven 


Development at Bayway 


GEORGE REID 


Associate Editor 


was host to a group of 48 representatives of 

various engineering societies, companies and 
members of the scientific press and 39 representa- 
tives of the company and affiliated concerns, 
Tuesday, August 9, at its twin installation of the 
hydrogenation process on the yard of the Bayway, 
New Jersey, refinery. 

Meeting at New York headquarters, the visitors 
were taken to the plant by private boat, at which 
time luncheon was served and literature descrip- 
tive of the hydrogenation system was presented 
each member of the group. At the plant the visi- 
tors were arranged in groups of about eight, each 
group provided with a guide, and shown through 
the various steps of the process. 

Visitors were first taken through the plant for 
manufacturing hydrogen from hydrocarbon gases 
and shown how this material is prepared and puri- 
fied, then through the compression stage where 
pressures of 3600 pounds are reached. They were 
shown how the hydrogen and the oil are mixed, 
the heaters for securing operating temperatures, 
the stalls housing the catalytic chambers, the vari- 
ous instruments of control and regulation, and the 
accumulation of the finished product—at this time 
lubricating oil. 

Questions as to operating procedure, informa- 


Vee hott Oil Company of New Jersey 


Process operated more than two years 


and products are ready for the market 


tion as to equipment, its operation, maintenance 
and its lasting qualities under such severe condi- 
tions, were freely answered. 

After two years of operation these units are still 
in excellent condition and there appears no reason 
why they should not operate as successfully for a 
like period in the future. The practicability of 
hydrogenation has been well illustrated at Bayway 
and it appears that the company never seriously 
doubted its commercial practicability, for the first 
units have been placed in such manner that several 
more units may be erected on the same site and it 
is possible that this expansion of facilities may be 
brought about in the not far distant future. 

More will be heard of hydrogenation. The dif- 
ficulties of the early or “exploratory” days have 
all been solved. The units operate with the same 
smoothness of ordinary refining processes. The 
process itself is not a thing of mystery, and its con- 
struction and operation is simple. With operating 
pressures of 3600 pounds a natural hazard exists, 
but every possible safeguard is successfully pro- 
vided. 


After an afternoon of visiting the group was 
returned to New York by boat. 


The following description of the plant was re- 
leased by the company. 





HE hydrogenation plant at Bayway really con- 

sists of two units, each housed in a separate 
concrete stall. Each unit has a daily charging ca- 
pacity of from 2500 to 5000 barrels, depending upon 
the type of charging stock and the products being 
manufactured. 


In the production of “Essolube” (a new motor oil 
Which has been developed under the hydrogenation 
process and which is now ready for the public) the 
Capacity ranges from 2500 to 3500 barrels a day, 
Varying with the charging stock. When making 
anti-knock gasoline it is possible to attain a total 
feed charging capacity in the neighborhood of 5000 
barrels a day. 
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The manufacture of hydrogenated lubricating oils 
is largely a liquid phase operation, the oil being 
charged into the reaction towers in the liquid form at 
a temperature approximating 800°F. Production of 
anti-knock gasoline, on the other hand, takes place in 
the vapor phase at a temperature around 1000°F. 


HOW HYDROGEN IS OBTAINED 

Hydrogen may, of course, be made in more than 
one method. At Bayway hydrogen for the process 
is derived from cracking coil gas. At the present time 
about 2,000,000 cubic feet are manufactured every 
day, although the plant can generate from 6,500,000 
to 7,000,000 cubic feet a day. 

The cracking coil gas first receives a preliminary 
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scrubbing at the gasoline recovery plant located in 
the refinery proper. 
system and caustic washer for removal of sulphur 
constituents. Then it is ready for the reforming 
furnaces. 


Then it is treated in a Koppers 


Here the purified refinery gas, mixed with steam, 
passes through tubes packed with catalyst and heat- 
ed to a temperature of about 1800°F. with a pressure 
of approximately 15 pounds inch. 
Through the reaction of the hydrocarbons in the gas 


per square 
with the steam a mixture of hydrogen and carbon 
monoxide is produced. The following chemical re- 
action may be taken as typical of this step: 
CH, + H,O = 3H, + CO 
The heat from the flue gas coming from the re- 
forming furnaces is utilized in the production of 


At left—The first pub- 
lished picture taken in- 
side the stalls. Behind 
the seven-inch alloy 
steel walls of these 40- 
foot towers hydrogen 
and oil at 3600 pounds 
pressure and 750 tw 
1000 degrees tempera- 
ture are being forced 
through the _ packed 
catalyst. Molecules of 
the oil are literally torn 
apart here and _ ‘re- 
formed according to 
product specifications. 


On opposite page —A 
picture of the massive 
concrete stalls which 
enclose the heavy steel 
reaction 
where hydrogenation 
actually takes place. 
Notice the 150-ton elec- 
tric crane, used for re- 
moving the 
towers when necessary. 


chambers 


reaction 


process steam by means of a waste heat boiler. With 
this installation it is possible to make about one half 
of all the steam required in the process. 

Still more steam is added to the hydrogen-CO 
mixture leaving the furnaces, and in the second 
phase of the process, known as conversion, hydrogen 
and carbon dioxide are made. The gases pass up 
through catalyst-filled trays in a tower which is 
maintained at a temperature of about 850°F. 

The equation here is 

CO + H,O = CO, + H, 

The gaseous mixture leaving. the converter is com 
posed of about 79 per cent hydrogen, 20 per cent 
carbon dioxide and one per ‘cent unconverted hydro- 
carbons and other gases. 

The gases are cooled by passing counter-currently 
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Ice. 


| to water in a coke-packed cooling tower. The cool- 
ec- 


ing water is circulated through an atmospheric cool- 
er and then re-cycled. From the cooler the gases 
are led to hydrogen gas holders, where they are 
stored until needed. 

The gaseous mixture is taken from the holder : 
through a moisture trap and introduced into the a 
compressor system. 

WORKING UP THE PRESSURE 

There are three electric and two steam-driven 
units in the compressor house. In four stages the 
gas is raised to the hydrogenating pressure of 3600 
pounds per square inch. But between the second 
and third stages it must be stripped of its CO, con- 
tent. 

This is done by passing the gaseous mixture 
through a packed scrubbing tower counter-current to 
sea water at a pressure of 240 pounds per square 
inch. This pressure causes the carbon dioxide to 
dissolve in the water and reduces the CO, content 
of the gas from about 20 per cent to less than 0.6 
per cent. It then goes to the third and fourth stages 
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a to be compressed to the hydrogenating pressure. 
oa Gas is supplied by the compressor system to the 


hydrogenating equipment at the rate necessary to 
maintain the desired reaction pressure. 
The feed stock to be hydrogenated is pumped from 
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“The police department.” Individually hydrogen and oxygen 
Together in proper proportions they 
are bad actors. Hydrogen is tested continuously as it comes 


are peaceful citizens. 


from the compressors. When anything approaching a 
dangerous percentage of oxygen is approached, an automatic 
siren gives the warning and the compressor is closed down. 


storage to high pressure feed pumps, in which its 
pressure is raised to 3600 pounds per square inch. 
The charging stock and hydrogen, both at the same 
pressure, are finally brought together through a 
T-connection and then are ready for the final step. 


HYDROGENATION 

The oil-hydrogen mixture is first pre-heated in heat 
exchangers located inside the concrete stalls, in 
which they pass counter-current to the hot hydro- 
genated products coming from the reaction cham- 
bers. The oil-gas mixture is then raised to the re- 
action temperature in a gas-fired coil quite similar to 
the conventional tube heaters. 

In the reaction chambers, of which there are four 
in each unit, the mixture passes upward through the 
packed catalyst at the hydrogenating temperature 
and pressure—this varying, as was already explained, 
with the feed stock and products desired—which 
causes the oil and some of the hydrogen to unite. 
The reaction is exothermic, so that a relatively small 
amount of heat need be supplied by the fired coil. 

The reaction products pass out the top of the 
chambers and are led through the heat exchangers 
and a cooler to a release drum. Here the gas and 
liquid are separated, the liquid being released into a 
low-pressure separator maintained at a pressure of 
around 200 pounds per square inch. Any gas re- 
maining at this stage is drawn off and sent to the 
burning line, while the liquid products are scrubbed 
to remove hydrogen sulphide and pumped to storage. 

Gases coming from the high pressure release drum 
are led to an oil scrubber before being re-circulated. 
Hydrogen has a tendency to become contaminated 
with unconverted hydrocarbons in the process, and 
so it is necessary from time to time to wash these 
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constituents out with oil. Gas coming from the top 
of the scrubber passes through a separator, and then 
goes to a booster pump where its pressure is raised 
to that maintained in the system before being re- 
turned to the hydrogenating equipment. 


CONSTRUCTION FEATURES, SAFETY 


Because of the extremely high operating tempera- 
ture maintained in the high pressure side of the 
plant, unusual attention has been given in its con- 
struction to the safety factor. 

Construction of the hydrogenation 
plants at Bayway and Baton Rouge necessitated the 
largest forgings of alloy steel ever fabricated in the 
United States. The reaction chambers are 40 feet 
high. They have an inside diameter of three feet, 
with walls of special construction seven inches thick. 
The walls of the chambers are not of one material 


company’s 


only, but are made up in layers. 

All piping in the high pressure side of the plant 
is of unusual thickness. Leak-proof joints are effected 
by drawing two accurately machined ends _ together 
against an alloy steel gasket. Machining of pipe ends 
and liners is so precise that even when the flange bolts 
are only hand tightened the joints will withstand the 
system pressure of 3600 pounds per square inch. 

Because of the wide explosive range of hydrogen- 
oxygen mixtures, the greatest precautions have been 
taken. The hydrogen gas holder is fitted with both 
low and high pressure alarms, which sound in the con- 
trol room whenever the rise of the holder becomes such 
that there is likelihood of an escape of hydrogen into 
the atmosphere, or of inward leakage of atmospheric 
oxygen. 

The oxygen content of the gas on the high pressure 
side of the plant is maintained at less than 0.2 per cent 
by means of a special recorder-alarm device, which is 
attached to the compressor discharge line. A small but 
representative sample of the gas is continuously re- 
moved from the line and passed through the recorder- 
alarm. 

In this instrument the gas is washed and dried and 
passed through electrically heated porcelain tubes con- 
taining a platinum-black catalyst. The tubes are heated 
to a temperature of about 300° F., at which temperature 
and in the presence of this catalyst, any oxygen present 
reacts with the hydrogen to form water. This reaction 
is highly exothermic. An accurate thermocouple pyrom- 
eter records the temperature in the furnace and any 
increase in temperature due to the formation of watef 
is immediately recorded on a scale graduated in per cent 
of oxygen. The electrical energy generated in the thet 
mocouple by the heat of reaction actuates an electric 
alarm, which sounds in the control house. Whenever 
the oxygen content of the gas rises above 0.2 per cent 
maximum, the high pressure equipment concerned is im 
mediately shut down and the cause of the trouble ir 
vestigated. 
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A Thumb-Nail Sketch of the Hydrogenation Process 


HE history of hydrogenation as developed today 

goes back before 1912. The work was started by 
a Dr. Haber and was perfected by Dr. Bosch of Heidel- 
berg, Germany. It was found that by combining hydro- 
gen under certain conditions with nitrogen from the air, 
nitrates for the manufacture of fertilizers and explosives 
at least equal to the natural product then imported from 
Chile, could be produced. About the same time another 
German, Dr. Bergius, was bending his efforts toward 
combining hydrogen and coal by much the same methods 
to form liquid hydrocarbons such as gasoline and oil. 

Hydrogenation came near to winning the war for 
Germany. While the Allies were busy blockading her 
against nitrate shipments from Chile, which meant life 
for her big guns, Germany was literally plucking ex- 
plosives and fertilizers from thin air. When peace came 
the process was carried on by the I. G. Farbenindustrie 
Aktiengesellschaft. In 1926 developments had progressed 
sufficiently to attract the attention of the Standard Oil 
Company of New Jersey, and the following year the 
company signed an agreement with the I. G. for mutual 
development of the process. A 100-barrel experimental 
plant was built at Baton Rouge, Louisiana, and for two 
years the company’s scientists worked on the problem of 
applying the process to petroleum. 

In 1929 construction was started on the first plant 
especially built for oil hydrogenation at Bayway, New 
Jersey. This was followed by a similar plant at Baton 
Rouge. For two years products were turned out under 
commercial operating conditions and innumerable tests 
run to determine their cost and how they might be im- 
proved. Now, at the end of two years, hydrogenated 
products are ready to go on the market. 

Control and operation of the hydrogenation process 
throughout the world is apportioned among the follow- 
ing companies, in the manner described: 

[. G. Farbenindustrie, A. G.—for Germany 

Standard-I. G. Company—stock owned jointly by Stand- 
ard Oil Company of New Jersey and I..G. Farben- 
industrie, with the former having the controlling 
interest. 
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Concrete stalls at the right are where the hydrogenation reaction takes place 


Receives all royalties on the process for the world 
outside of Germany. 

International Hydrogenation Patents Company—controls 
all patents on the process for the world outside the 
United States and Germany, paying royalties to 
Standard-I. G. 

International Hydro Engineering and Chemical Company 
—acts as expert consultant on engineering and chem- 
ical problems connected with the process for the 
world outside the United States and Germany. Also 
acts as agent for International Hydrogenation 
Patents Company. 

Hydro Patents Company—controls all hydrogenation 
patents in the United States. Stock of this company 
was offered to all oil refiners of sufficient size to 
make them potential users of the process, and was 
accepted by more than 90 per cent of such companies. 

Companies holding stock in Hydro Patents as of July 

1, 1932, are as follows: 

Atlantic Refining Company 

Barnsdall Corporation 

Consolidated Oil Company (Sinclair Refining Com- 
pany ) 

Continental Oil Company 

Mid-Continent Petroleum Corporation 

The Pure Oil Company 

Richfield Oil Company of California 

Shell Union Oil Corporation 

Skelly Oil Company 

Socony-Vacuum Corporation 

Standard Oil Company of California 

Standard Oil Company (Indiana) 

Standard Oil Company (Ohio) 

Standard Oil Development Company (for Stand- 
ard Oil Company (New Jersey) interests) 

The Texas Company. 

Hydro Patents Company pays royalties on the process 

to Standard I. G. 

Hydro Engineering & Chemical Company—acts as expert 
consultant on engineering and chemical problems con- 
nected with the process in the United States. 

















































... for Topping Refinery 


small amount of recoverable vapors from the 

look boxes and storage, Dale Oil & Refin- 
ing Company could not see the financial advantage 
in installing an elaborate vapor recovery plant in its 
Refinery at Electra, Texas. 

Utilizing practically all the equipment encorpo- 
rated in the small plant from tankage and pumps 
found idle in the yard, officials have built a small 
layout that does the work quite satisfactorily. 

In the first place, they had a Sullivan 9 by 10 
compressor which was placed on the idle material 
list when the agitators were discarded in favor of 
continuous closed treating of gasoline and kerosene. 
Rigging this up with a short belt drive to a Gen- 
eral Electric Type Kt512 20 horsepower 220 volt 
motor, it was placed in the vacuum lines laid to the 
look boxes and to the storage tanks in which the 
crude was stored. Lines were also laid to the run- 
down tanks and to gasoline storage, together with 
lines leading to the rack to remove the vapors cre- 
ated when blending with natural. 


LD scat no cracking, and therefore having a 


A Southwestern enclosed cooler used to cool the 
gas from the discharge of the compressor, was in- 
stalled in the yard near the run-down tanks. A small 
accumulator was set on the outlet of this cooler to 
retain the gasoline condensed in it. Setting a tower 
five by 25 feet to act as an absorber, trays were 
placed in it. 





Vapor Recovery Compressor 


Simple Vapor Recovery Plant 
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Vapor Recovery Plant 


A combination batch and circulation method of 
absorption is obtained in this tower. Gasoline of a 
high initial and low gravity is placed in one of the 
two six by 30 storage tanks, which is pumped from 
there to the tower. The vapors are picked up from 
the various points through a Fulton duplex super 
sensitive regulator, maintaining a pressure of four- 
inch vacuum on the lines leading to the points of 
recovery. The gas is discharged into the absorber 
where a close check is made periodically on the 
gravity of the gasoline in it. When a pronounced 
rise is found, the material is pumped back into the 
other tank while a fresh charge is placed in the ab- 
sorber. 


Recovering approximately 800 gallons of gasoline 
per day by this method, which does not require an 
extra man to operate, has been found to be well 
worth the rnoney expended. While not as efficient 
as a more elaborate system of continuous circule 
tion with a fractionator, the plant is stripping the 
vapors. After these leave the absorber, they are dr 
rected to the burners in the boiler room and 0 
stoves in the house row.and office. 


Except for the time that the chemist gives the 
plant in checking the condition of the absorption 
medium, George Jennings, superintendent, says that 
it has not added to the expense of his operation. 
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Acid Treatment of 


Cracked Distillate 
INVOLVES MANY FACTORS 


A. W. FTReUStTtT 


Louisiana Oil Refining Corporation 


to reduce the gum, lower the sulphur content and 

to improve the color and odor. In some cases 
where the sulphur content, for instance, is low, the im- 
provement of color and the removal of gum is more im- 
portant. In other cases where the sulphur content is high 
and where a good color can be obtained with a small 
amount of acid, the reduction in sulphur content is 


(te rece distillate is treated with sulphuric acid 


SULPHUR ANO COLOR 





I 


EFFECT OF TIME OF AGITATION 


A B Cc D E 
Mme, Of G6) CE. 4.23%, 1000 1000 1000 1000 1000 
Lbs. acid /bbl. oil........ 10 10 10 10 10 
Time of agitation (min.) 1 3 6 15 30 
Time of settling (min.) 5 5 5 5 5 
Time of caustic wash 
en errr l 1 1 1 1 
Time before rerunning. . lday lday lday lday lday 
Amount of oil rerun.... 800 800 800 800 800 
% Overhead ............ 84 84 84 84 84 
Area 6 6 6 6 6 
Tests on Overhead— 
MVE area eee ey 545 544 545 542 544 
BD. WAS get ka Seas 126 128 132 125 128 
SOs 4.5 3.5 4 3.5 3.5 
LY Se eee 21 18 20 18 17.5 
BE ee ae as: 2 22 205 20 
Oe ARS 48 48 49 475 48 
lt ERPS, See Ee 93.5 94 94 94 94 
fad Point ........... 410 = 4i1l1 410 410 409 
CCovery . ..... Si ke 98 98 WS. Ts 
DT gre cages 25 25 25 23 19 
ES See ene es 0.12 0.105 0.09 0.08 0.07 
Grams sulphuric 
eid Fe gy cea 3.1 5.1 92 435 86 


more important. The various factors of time of con- 
tact, temperature of treatment, time of settling before 
neutralization with caustic, strength of caustic for neu- 
tralization, etc., have been systematically investigated, 
and a study has been made of the effect of the various 
factors on the color, sulphur, and acidity of the rerun 
overhead. 

When gasoline or kerosene containing unsaturated 
hydrocarbons is refined by sulphuric acid and redis- 
tilled, liberation of sulphur dioxide is nearly always 
noted. The sulphur dioxide combines with the water 
condensed from the steam or with free water present 
in the feed stock. Sulphurous acid, and, in nearly 
every case, small amounts of sulphuric acid results, 





II 


EFFECT OF AMOUNT OF STEAM USED 
IN DISTILLATION 


Lhs. acid /bBL « «0... i... 465 10 10 10 
Time of agitation (min.) 6 6 6 
Time of settling (min.) 5 5 5 
Per cent steam in 
OVOIRORE co foto sarees None 5% 20% 
Time before rerunning.. 1 day 1 day 1 day 
Tests on Overhead— 
a SS pr a 54.0 54.4 54.2 
jie aaa tae a TER AE 126 126 126 
Ie RR ra rer ee 3.5 4 3.5 
Re RG Re awe 17.5 18 18 
ya, ON are es NTU 20.5 21 21 
St RE IE URE: 43.5 46 45.5 
RN Re ee Cae 91 92 92 
Fad Point: 33. 00382: 406 408 409. 
Racovery 6.0 FS Faz 97 97 97 
CGM Ee oi eae ae 18 22 25 
Sistas 2s oe iso ee 0.09 0.09- 0.09 
Acid in Overhead ; 
Grams H2SO,/bbl. oil. 22.2 23.2 5 
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Ill 


EFFECT OF STORAGE TIME BEFORE RERUNNING 
Lbs. acid/barrel ...... 10 10 10 10 10 


Tiime of agitation..... 6 6 6 6 6 

Time of settling....... 7 5 5 5 5 

Time before rerunning.Rerun 1* 2* 3* ye 3 

at 
once 

% steam used ......... 6 6 6 6 6 6 

Tests on Overhead— 
SN sci ccceecs She S45 33 341.536 S42 
22 Ae 128 125 126 = 125 124 125 
ES Ginrac's gees sess a§ 6-4 ASS ae 3.5 
EE iad is dws ole o'd 17 18.5 18 17 és 17 
RGSS are 20 aS 2i 20.5 20 20 
EAU ob bghd er 'se a0 45 46 44 46 45 45 
BE ac aoe ee eee os 93 94 93.5 92 92 92 
mee Poimt ........%. 409 410 411 408 410 411 
BEET 97.5 97.5 97.5 97.5 97.5 97.5 
SE Sew aaa ss bS\s,0.0s 22+ 23 24 24 24 25+ 
Re as ois bck 0.09 0.09 .09 0.09 0.09 0.09 
Acid in overhead: 

Grams H:SO,/barrel 
ee ahaa ag as as 4% 26.2 102 9 9.1 9.1 3.5 





* Days. 





which gives the overhead naphtha and water an acid 
reaction. This acidity causes a loss in color of the re- 
run naphtha in some cases before the naphtha can be 
pumped to the treating and blending tanks. The color 
stability of the finished gasoline is also impaired by the 
action of this weak acidity. Corrosion of the stills, 
towers, condensing equipment, rundown lines and tanks 
also results from this acidity, the degree of corrosion 
depending on the amount of acidity, the temperature, 
and the amount of oxygen present. Incidentally, a 
good way to check the amount of corrosion is to deter- 
mine by chemical analysis the amount of iron in the run- 
down water. With the volume of water and the amount 
of iron, known, the rate rate of corrosion can be cal- 
culated. With these considerations, it is evident that it 
is very important to investigate the means of reducing 
the formation of acidity at the rerun stills. 

A large sample of cracked distillate made from crack- 
ing a mixture of Smackover crude and Winkler County 
crude residue under 300 pounds pressure and 900°F. 
coil outlet temperature was secured for all treats. 1000 
c.c. portions of distillate were treated in a 2000 c.c. agi- 
tator by hand treatment. The same person made all agi- 
tations in order that the treats might be more uniform. 
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All treats were agitated for five minutes, and allowed 
to settle for five minutes before caustic neutralization, 
All treats were allowed to stand for 24 hours before re- 
running. Electric heaters were used as a source of heat 
for the rerunning operation in order to maintain a uni- 
form rate of distillation. 


The acidity of the rerun overhead was measured by 
passing the overhead into an excess of standard sodium 
carbonate solution for neutralization. After the dis- 
tillation the aqueous layer was back-titrated with stand- 
ard hydrochloric acid solution, which, by calculation 
gave the amount of acidity formed in the distillation 
process. 


CONCLUSIONS 


I. Effect of Time of Agitation During Acid Treatment. 
1. The longer the time of agitation, the greater the 
reduction of sulphur. 


2. Too long agitation gives a poor color on the re- 
run gasoline. 


3. The longer the agitation, the greater the amount 
of acid formed at rerun stills. 


II. Effect of Amount of Steam used in Distillation. 
1. The more steam used the better the color on the 
rerun overhead. 
2. The amount of steam has very little effect on 
the sulphur content of the rerun overhead. 
3. An increase in steam decreases the amount of 
acid formation at the rerun stills. 





IV 


EFFECT OF WATER WASH 


BS NN yighic ein oko 10 10 10 
Time of agitation..... 5 5 5 
Time of settling...... 5 5 5 
Remarks . ...... No water wash ¥% vol. water 1 vol. water 
wash wash 
Time before rerunning. 1 day 1 day 1 day 
% steam used ........ 6 6 6 
Tests on overhead— 
Gravity . .......... 54.0 54.5 54.0 
fe OE AE PRS 126 128 122 
S. Kain cdviaveces 4 3.5 3.5 
ES SEEN 17 18 17 
Re ee 20.5 22 21.5 
sre eee yee 46 46.5 48 
SEE: wait sin Fates 93 94 93 
BOG Poimt ©... os cu. 408 410 409 
Recovery... cee. 98 98 97.5 
RN 3S vacuseuek see 24 24 23+ 
GREP O Ce 0.10 0.095 0.09 
% acid in overhead— 
Grams H,SO,/bbl oil 9 9 ) 
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nt. fi Lbs. acid. Ee eee EFFECT OF SETTLING TIME BEFORE 
r the @ lime of pte aus eed. ae : : CAUSTIC NEUTRALIZATION 
Time of settling ..... 5 : 
Neutralized with ..... 2 6 14 ales lea Pas eae ' - = « " 
€ re- Be. Caustic Be. Caustic Be. Caustic agitation (min.) 6 6 6 6 6 
Time before rerunning 1 day 1 day lday Time of Lah age” 
eae ee 6 6 agitation (min.) ..No settle 5 30  3hrs. 20hrs. 
ae Om averpeer Time before rerunning Ilday lday I1day Iliday 1l1day 
Gravity ad -hjere er ath aim ice ae a 54.3 % steam used ........ 6 6 6 6 6 
te Wb Bagh cc 32 27 126 Tests on overhead— 
c 1 i 2 Rehan, = ais 7 eee Se 543 544 541 541 54 
Baee + tt>neshonns ‘ a Sk Aree 127 1%) 1 
t on % MEE... 5 36 twee nates 19.5 21 20 % BAR es hrs, Se SG Co. 3 3 3 3 3 
> aga racene ts =F = Ps 3 Seeaeripageere 7? 65 9S % 22 
"> |e 2: -SEGR ee os = a i EES 0. DD -2s. Boe 
| ALtnnegilahanettalite — =. br it ener 45 455 465 45 46 
Sagal a ~ = 97-5 WE ac ck sas 9 95: 3: om 
eS eens en oe Cas NE ne 410. 407 409 408 410 
een. *. «thas Sane ‘ ; Sia ene. EEE! oe 75. GS WHS Ts FB 
nee in averoeee— CAME Sc ociite 0 24. 2424 224 D 
| aren aarstee tected : . Sulphur. ........- 0.09 0.09 0.09 0.085 0.08 
Acid in overhead— 
Grams H:SO./bbloil 9 eee ace ee 


III. Effect of Storage Time Before Rerunning. 


1. A storage time of one day or more before rerun- 
ning improves the color on the rerun gasoline. 


2. Sulphur content is not affected by storage. 


3. Storage time before rerunning reduces formation 
of acid at the rerun stills. 


coLoR 


IV. Effect of Water Wash Before Caustic Neutralization. 


1. A water wash before caustic neutralization does 
not affect the acid formation at the rerun stills. 


2. A water wash lowers the sulphur content slightly 
on the rerun gasoline. 

3. A water wash does not affect the color of the re- 
run gasoline. 


V. Effect of Caustic Wash. 


SULPNUR 





vi 1. A caustic strength higher than 2 Be is preferable. 
EFFECT OF TEMPERATURE DURING However, any strength above 4 Be will give the 
ACID TREATMENT same results at the rerun stills on sulphur, color 
ater q Lbs. acid/bbl. ....... 10 10 10 and acid formation. 
a “ ees + : ; 5 VI. Effect of Temperature of Acid Treatment. 
day Tncceinre of ‘test. 40°F 80°F 120°F 1. A low temperature treatment gives the same 
Time before rerunning 1 day 1 day 1 day color as a high temperature treatment. 
“steam in overhead.. 6 6 6 2. The acid formation at the rerun stills is marked- 
0 Tests on overhead— ly less on the distillate treated at a low tempera- 
: Gravity peptic airs 8 53.4 53.4 54.2 parson on the distillate treated at a high tem- 
Pe) DS OM ae gk ig a a tat 126 125 124 c re. 
5 ee | SN oe ey 3 3 3 3. The sulphur is slightly lower on the distillate treat- 
2 arrears 17 17 17 ed at a high temperature. 
)? 
«eee a = > VII. Effect of Settling Time. 
| FR teers: ~ 91.5 93.5 1. Prolonged settling time before caustic neutraliza- 
i End aac ne 410 . 407 409 pegs increases the acid formation at the 
OWT. once twos 97. 97. 97.5 : 
09 OF i ae ee 24 24 22+- 2. Prolonged settling time tends to affect the color 
% acid in overhead— on the rerun overhead. 
Grams acid/bbl. oil. 5 11 | ae 3. Prolonged settling time lowers the sulphur slight- 
Selphur . ...s.60s-. 0.103 0.09 0.09 ly on the rerun gasoline. 
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... How To Battle 


operation of the steam generation plant it is often 

only necessary to improve the baffling of the boilers 
in accord with modern design. When there is dis- 
satisfaction with prevailing boiler installations it 
may not be necessary to scrap them and install new 
ones, for very often the same results can be obtained 
by improving or modernizing the baffling of the old 
boilers. Figures 1, 3, and 5 are illustrative of old 
types of boiler baffling arrangements. By changing 
the baffling to such modern designs as shown in 
Figures 2, 4 and 6, at least three per cent of the 
annual fuel bill can be saved. 


I: securing better efficiency or more economical 


Some interesting results are shown in a series of 
tests on a small water tube boiler of about 100 horse- 
power. Before improving the boiler by means of 
up-to-date expansion joint baffles the temperature 
of the gases leaving the boiler was too high and the 
CO, was too low. After installing the baffles of 
modern design the temperature of the gases was re- 
duced 50°F. and the CO, was increased four per 
cent. The net result was an increase of boiler effi- 
ciency of nearly 20 per cent. 


Twenty years ago boilers were baffled as shown 
in Figure 1. The ordinary flame plate type of baffling 
was used. The shaded areas in the diagram indicate 
the tube surface that was not effective. The correct 
method of baffling the same boiler with 100 per cent 
of the tube surface effective is shown in Figure 2. 


A study of Figure 1 shows that the first pass was 
larger in volume than the second pass which, so far 
as it went, was correct in design because the gases 
leaving the grates are at maximum temperature and 
consequently they occupy maximum volume. Dur- 
ing the process of passing through the bank of boiler 
tubes, the temperature of the gas reduces and simul- 
taneously the volume of gas reduces. Consequently 
the second pass should not be as large in volume as 


I ecco elec 








Boilers 


W. F. SCHAPHORST, M. E. 


the first pass. And for the same reason the third 
pass should not be as large in volume as the second 
pass. In these respects, Figure 1 is roughly all right 
but it is not correct like Figure 2. 

In the early days, bricks were moulded to fit into 
the spaces between the tubes, but of course the 
bricks were more or less loose and there was con- 
siderable leakage of gas. About 15 years ago plastic 
was first introduced for boiler baffling which per- 
mitted the sloping construction shown in Figures 2, 
4, and 6. This angular or tapered baffling is now 
used all over the world. The shaded areas, Figure 1, 
show what engineers call “dead regions” and show 
clearly why sloping baffle walls have been universal- 
ly adopted. The unshaded area shows how the gas 
decreases in volume as it passes through the boiler. 
In other words, properly designed angular baffling 
gives a uniform gas velocity during the entire travel 
of the gases through the boiler. When the gases 
are hottest (in the furnace) they occupy a greater 
volume than they do after they have been cooled by 
passing through the boiler. That is why greater vol- 
ume is required in the first pass than in the last pass. 
It is obvious that as the gases progress through the 
boiler and become cooler there is a gradual reduc- 
tion in volume. Therefore by tapering the passage 
as is the accepted practice today the reduction in 
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FIGURE 4 


volume is cared for. Constant gas velocity is main- 
tained throughout. Every square foot of tube surface 
is “active,” as it should be. 


HORIZONTAL WATER TUBE 


Consider next the horizontal water tube boiler 
equipped with horizontal baffles, Figure 3. Approxi- 
mately 25 per cent of the tube surface is inactive, as 
shown by the shaded sections. The efficiency of this 
type of boiler is obviously increased by the use of 
modern tapered cross baffles as shown in Figure 4. 
All leading manufacturers of horizontal water tube 
boilers now concede that cross baffling is superior 
to horizontal baffling. 

Vertical boilers, also, can be improved. Figure 5 
shows a Stirling type boiler equipped with old-fash- 
ioned tile baffles. Compare it with Figure 6 which 
shows modern cross baffle construction. The direc- 
tion of the flow of gases is changed from parallel to 
cross flow which gives materially increased efficiency 
for the same reason that cross flow in horizontal 
water tube boilers is more efficient than parallel 
fow. Parallel flow has not yet been abandoned by 
manufacturers of all vertical type water tube boilers 
but it is logical that the cross flow method pictured 
in Figure 6 will eventually supersede the old method. 
Higher efficiency and less draft drop will contribute 
to its adoption. 

Some boiler operators seem to believe that modern 
baffle walls are applicable only to new boilers, and 
that their present boilers are too old to be modern- 
zed. There is no reason why an old boiler when 
properly baffled and cleaned should not be as effici- 
tnt as a new boiler. Even a new boiler, unless it is 
Properly baffled and cleaned, may be less efficient 
than an old boiler which is clean and properly baf- 
led. Old boilers can be made as good as new by 


August, 1932—A Gulf Publishing Company Publication 





FIGURE 5 








VM 


WILLE 

















ieee tea: FP soy 
FIGURE 6 


modernizing them along the lines shown. Old metal 
transmits heat just as efficiently as new metal. 
Therefore it is logical that an old boiler, cleaned 
thoroughly and equipped with a better furnace and 
better baffling will be as efficient as when that same 
boiler was new. 

Soot troubles can be reduced by proper baffling. 
Soot is evidence of incomplete combustion. A fur- 
nace of ample volume will give little soot trouble. 
Soot and slag generally go hand in hand. The same 
is true of ash. In a properly designed furnace with 
reduced gas velocity most of the ash is left behind 
in the furnace and is not carried along to settle on 
the tubes. 

With the above in mind the question may arise. 
“How can be determined the length of time in 
which a modern baffle wall will pay for itself?” 
This way: Multiply the number of tons of coal 
burned in the furnace per year by the cost of coal 
per ton in dollars, multiply that by 0.03 which gives 
the annual saving in dollars. Divide this figure by 
the cost of the baffle and the result is the annual 
percentage on the investment. 

Thus if 3000 tons of coal are burned per year, if 
the cost of coal is $4.00 per ton and the cost of the 
baffle is $800, it will be found that 45 per cent will 
be earned on the investment. Or, this baffle would 
pay for itself in a little more than (100 — 45 = 2.2) 
two years. This rule, remember, is based on the 
minimum saving of three per cent. Often the mod- 
ern gas tight baffle saves more than that. Three 
per cent is used here because it is the minimum. 

The above principles are not applicable alone to 
water tube boilers—they are applicable to all flame 
boilers whether water tube, fire tube, cast iron, sheet 
metal, or what not. They should be given more con- 
sideration in the future than they have received in 
the past. 
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Calculation of 


Flow of Gas Through Pipes 


LEONARD L. HOHL 


tion due to steady fluid flow in pipes is usually 

given in the form h;=—f (4d) (u?/2g): This 
formula may be transposed into the form p= f (43.5 
Lw?/eD*) or p= f (0.00000336Lw?/eD* ) 

Older formulae used f as a constant quantity. Thus 
Geipel and Kilgour use a value corresponding to 0.033 
for steam; Gutermuth 0.0296 for steam and 0.0104 for 
compressed air; Hawksley uses 0.0281 ; Martin, 0.0261 ; 
Hurst, 0.0260; Eberle, 0.0198; Hausbrand in ‘Ver- 
dampfen, Kondensieren and Kuhlen gives 0.054 for 
It was soon recognized that an invariable 


. CCEPTED formula for loss of head due to fric- 


hydrogen. 
friction factor could not be used except over a limited 
range. About 1880 and shortly thereafter Gustave 
Schmidt in Germany, Unwin in England and later Bab- 
cock and Carpenter in America proposed formulae for 
f, varying. with the diameter only. These formulae had 
the general form f, = K(1-+ b/D). Schmidt’s formula 
for steam reduced to our units gives K=0.0019 and 
b=7.9 (D in inches) ; Babcock, for steam, used K == 
0.0027, b== 3.6; Carpenter used K — 0.0026, b= 3.6; 
Unwin for air uses K=0.0028, b= 3.6. The values 
for K were determined by Unwin on the basis of steam 
flowing at 100 feet per second velocity. The values of 
f thus obtained range from 0.013 for 12 inches to 0.068 
for the Schmidt formula; 0.014 to 0.051 over the same 
range for Babcock or Carpenter formulae. Such values 
for the larger size pipe have been characterized as low 
by such authorities as the late Prof. Goodenough in 
Mark’s Handbook. 

Lorenz, in Germany about 1890, derived, from a 
compilation of all available data for compressed air flow 
in pipe, a value for f =0.0132d°-*°**S which results in 
values of f ranging from 0.028 for one-inch pipe to 
0.0132 for 12-inch pipe. 

From the foregoing it is obvious that the formulae 
which relate f to the diameter only give unsatisfactory 
results, and that other factors must enter. An attempt 
to devise such a formula was made by Fritzsche in 1908 
when he devised a formula for f=0.0192w". Al- 
though Fritzsche’s experiments were confined to air 
flowing in one-inch and 14-inch pipe 60 feet long over 
a wide range of temperature, pressure and velocity. The 
formula has been extrapolated enormously (up to 
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HIS discussion leads up to and presents a diagram 

for the solution of the problem of pressure drop for 
the case of steady flow of gases through pipe, covering 
the region of turbulent flow. The diagram is designed 
for the drop through 100 feet of standard size com- 
mercial pipe. The diagram is based upon the method of 
using a friction factor f, which is a function of the 
Reynold’s number (duu/p) applied to the general 
formula he =f, (L/d) (u?/2g) =4f: (L/d) (u’/2g). 
The diagram is applicable to air or steam flow problems 
over ordinary ranges as well as that of many other gases 
without correction factor. A few gases require a per- 
centage correction, given in a supplementary table. These 
variations are due to variations of viscosity which in the 
case of gases varies as about the 0.178 power (roughly 
1/6 power) of a quantity of small magnitude and conse- 
quently do not have a very great influence. 


NOoTATION 


a= Area of cross-section of pipe in square feet. 

b = Experimentally derived value used in certain fric- 
tion factors. 

d = Actual inside diameter of pipe in feet = D/12. 

D= Actual inside diameter of pipe in inches = 12d. 

f = 4f:= friction factor—no units. 

g = Gravitation constant = 32.2 ft. per sec.’. 

h:= Frictional loss of head in feet. 

K = Experimentally derived value used in certain fric- 
tion factors. 

L= Length of pipe in feet. 

p = Pressure drop in pounds per square inch. 

Q=Cubic feet of gas per second passing through 
pipe = w/ p. 

r = Hydraulic radius in feet =area/wetted perimeter 
= d/4 in case of circular conduits. 

u = Mean velocity in feet per second. 

w= Pounds of gas per second. 

W = Pounds of gas per hour. 

p= Density of gas in pounds per cubic foot. 

u = Absolute viscosity of gas in English units (poises 
x 0.0672). 

v = n/p = Kinematic viscosity in English units. 


dup du 
— = —= Reynolds number. 
” v 


sae 












a 








Refiner & Natural Gasoline Manufacturer—V ol. 11, No. 8 Augu 








io PF; 


am 
for 
ing 
1ed 
m- 

of 
the 
ral 
g). 
ms 
ses 
er- 
ese 
the 
hly 


ses. | 





— 










J 


Oj SSO 3uNssayy 


UNO Y3d AOdy YO Swd JO SGNNO 
NI Oo 3d sd 


6 


13 00\ 4 


~ -oao ~~ + v - 


0. 8 El August, 1932—A Gulf Publishing Company Publication 











D = 48") with all kinds of gases, with surprisingly good 
results in most cases, thus showing that the factors con- 
sidered in this determination of f more nearly approxi- 
mated true values than anything heretofore devised. 

The now generally accepted theory is that f varies as 
a function of due/# a fact pointed out by Osborne 
Reynolds, the English physicist, as early as 1883 but not 
generally known to or used by engineers until the last 
decade. A number of authorities have compiled experi- 
mental data over a wide range and by plotting the va- 
rious values of f against due/# have derived average 
curves or equations to represent the curve so plotted. 
An example of an equation derived from such data is 
given by M. Aisenstein (Hyd. Div. A.S.M.E. Dec. 1928 
Hyd. 51-7). Aisenstein derives the relation: f = 0.167 
(due/#)°!7°, The writer believes that Aisenstein’s values 
are somewhat low especially for small values of due/# 
and prefers to use f=0.217/(due/#)°*'"8 deduced by 
himself from the same data. This latter value cor- 
responds more nearly to the data of McAdams of the 
Massachusetts Institute of Technology and also ap- 
proximates the data of Hazen and Williams hydraulic 
tables c== 120 for pipe four to six years old. The gen- 
eral formula for flow with this value of f inserted then 
becomes h; = [0.217/(due/#)°*'!"*] (L/d) (u?/2g) and 
for L=100, g=32.2 and D in inches, hy= 
(6.293 v9 !78 1-822) /D)1-178 (Y2-812 /D)4-822, ) This may be 
transformed into p= 581 (#°2"8/e) or p==0.0001926 
(#°-178 /p) 8 pga. * oma : 

The last two equations are the basic equations used 
for the diagram. The value of #°?"* being small and 
varying only over a limited range was taken as a con- 
stant quantity corresponding to # = 12.1 x 10° poundal 
seconds per square foot (180 micropoises) a quantity 
which will cover most ordinary cases within reasonable 
limits of accuracy, and for such cases as may require 
it, a table of correction factors is given. This table 
shows that the corrections are in the case of air and 
steam negligible for ordinary ranges of work. The 
corrections for a number of other gases are often small 
enough to be ignored in practice. The greatest positive 


correction to be applied is in the case of mercury vapor, 
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about 25 per cent; the greatest negative for hydrogen, 
ammonia ; and hydrocarbons, 10 to 20 per cent. 

The results of the diagram should not be applied to 
pressure drops in excess of about 20 per cent of the 
absolute mean pressure of the section under investiga- 
tion. Where greater pressure drops occur the pipe line 
under consideration should be divided into sections with 
smaller pressure drops using a new mean density of 
gas for each section. 

The example shown on the diagram—12,000 pounds 
per hour of gas with density of 0.15 pound per cubic 
foot passing through four-inch pipe loses 5.4 pound 
pressure per 100 feet. If gas is air or steam no correc- 
tion is necessary. If it had been natural gas the cor- 
rection indicated in the table for methane and ethane 
are —7 per cent and —14 per cent, respectively, or 
about —10 per cent mean. As these are the most im- 
portant constituents of natural gas a correction of —10 
per cent is made, giving a pressure drop of 5.4 pounds 
—10 per cent or 4.9 pounds. If it had been mercury 
at 700°F. the table indicates a correction of 25 per cent 
or 5.4 x 1.25=6.0 pounds drop. 





CORRECTION PERCENTAGES FOR p ON ACCOUNT 
OF VISCOSITY 


% 


(J 
Temp. Correc- Temp. Correc- 
Gas oF. tion Gas “a tion 
Air 60 0 Carbon dioxide —7 —6 
Air 600 +9 Carbon dioxide 32 —5 
Steam 100 —10 Carbon dioxide 210 0 
Steam 500 0 Carbon dioxide 575 +7 
Steam 1000 3-8 Methane 32 —10 
Oxygen 32 0 Methane 79 —/7 
Oxygen 130 +2 Ethylene 32 —12 
Nitrogen —8 — Ethylene 60 —l1 
Nitrogen 90 0 Ethylene 210 —6 
Hydrogen —8s —15 Ethyl Alcohol 212 —é 
Hydrogen 212 —10 Ethyl Alcohol 413 —5 
Chlorine 32 —6 Ether 32 —19 
Chlorine 70 —4 Ether 97 —16 
Mercury 523 20 Chloroform 62 —l1 
Mercury 716 26 Chloroform 142 0 
Nitrous oxide --6 —1l Benzine 66 —16 
Nitrous oxide 212 0 Benzine 212 —8 
Nitric oxide 32 —1 Ammonia —110 —19 
Ammonia 32 —13 
Nitric oxide 70 0 Ammonia 212 —6 
Sulphur dioxide 32 —7 Acetylene 32 —13 
Sulphur dioxide 60 —5 Ethane —110 —19 
Ethane 32 —|4 
Hydrogen sulphide 32 — 8 n Butane 60 —lh 
Hydrogen sulphide 70 —2 n Butane 212 —10 
Carbon monoxide 32 —2 iso Butane 70 —16 
Carbon monoxide 70 0 iso Pentane 413 —8 
iso Pentane 212 —i4 
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The Restricted Oxidation of | 
Hydrocarbon Material 


IL N. BEALL 


Chemical Engineer 





HLORINATION of hy- 
drocarbons has received 
more attention than their oxi- 
dation. This is somewhat 
surprising as there is a simi- 
larity between the action of 


oxidation, 
other processes 


chlorine and that of oxygen. 
In fact chlorine is frequently 
referred to as an oxidizing 
agent. Chloride, however, has 
only one valence while oxy- 
gen has two. One chlorine 
atom, therefore, can only re- 
hydrogen atom 


move one 





from a hydrocarbon to form 


N this, the third of a series of 
articles by I. N. Beall dealing with 
oil-gas 


author studies the chemistry of oxida- 
tion as it pertains to the production of 
the alcohols, the aldehydes, ethers, 
keytones, acid and acid anhydrides, 
dealing mostly with the possibilities as 
based on theory. Other theories relat- 
ing to hydrocarbon oxidation and the 
effect of pressure and catalysts will 
be discussed in later articles. 


chemical properties corres- 
ponding to the organic per- 
oxide 
conversion and H:C —C Hi: 
. lll 
of synthesis, the ean et 


(ethylene peroxide). The per- 
oxides are unstable and be- 
cause of this characteristic 
make excellent oxidizing 
agents. 

Broadly classified oxygen 
may unite as follows with 
carbon and hydrogen as hy- 
drocarbons. 

1. One valence to carbon 








HCl acid) 
whereas oxygen must remove two to form H,O 
(water). 


(hydrochloric 


Thus chlorine and methane will react to produce 
CH,Cl (methyl chloride), CH,Cl, (methylene chlo- 
tide), CHCl, (chloroform) and CCl, (carbon tet- 
rachloride) whereas oxygen under conditions where 
water is split off would produce H.CHO (formalde- 
hyde), CO (carbon monoxide) and CO, (carbon dio- 
xide). The double bonding power of oxygen, how- 
ever, enables it to unite with both carbon and hydro- 
gen in the same compound. In this respect, chlorine 
offers no parallel. The alcohols, therefore, corre- 
spond to none of the chlorinated hydrocarbons, as 
the distinctive grouping is 

R, = C-O-H or 
R,C (OH), 


oO 


In the aldehyde formation, R-C-H the characteristic 
oO 


a 
group is -C-H where the oxygen is doubly bonded to 
the carbon. In the other formation two carbon atoms 
are bonded together with one of oxygen thus, 


H,C-—-O—CH, (methyl ether). The peroxide forma- 
tion is of perculiar interest in that the oxygen is bonded 
loitself. The best illustration of a peroxide is hydrogen 
roxide H — O — O — H which has a similarity of 
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and one to hydrogen. 
2. Two valences to one carbon 
3. One valence to each of two carbons 
4, One valence to carbon and one to another oxy- 
gen 
One valence to carbon and one to another ele- 
ment 
Under each broad classification there are numerous 
sub-classifications ending with the specific com- 
pound. Each group and sub-group has its character- 
istics but fortunately a great many generalities ap- 
ply to the broader classifications. 


or 


THE ALCOHOLS 

The alcohols are subclassified as monohydroxylic 
and polyhydroxilic depending upon the number of 
hydroxyl groups, and further as primary, secondary 
and tertiary, depending upon the number of alkyl or 
aryl radicles. In the oxidation of the saturated hy- 
drocarbons under pressure and in the presence of a 
catalyst it is not likely that the oxygen combines 
directly to form the alcohols. In order to form the 
hydroxyl group, the molecule of oxygen must dis- 
sociate into atoms. If the peroxide were first formed, 
these peroxides which are unstable and are of them- 
selves excellent oxidizing agents could oxidize the 
saturated hydrocarbons to the alcohols. The catalyst 
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could also effect a loose combination with molecular 
. oxygen, and, from this loose combination, atomic 
oxygen could separate and combine to form the alco- 
hols from the saturate hydrocarbons. Thus the ef- 
fect of ethylene peroxide on ethylene might be con- 
sidered to take place as follows: 


C,H,O, + C,H, ~C,H,O + C,H,OH. 
The more likely result of the action of the organic 
peroxide would be expressed : 


C,H,O, > C,H, + (HO), 

The hydrogen peroxide thus formed reacting immedi- 

ately with the ethane to produce water and an alcohol, 
C,H, + H,O, ~C,H,OH + H,O. 

Under the above conditions, the acetylene would 
likely immediately polymerize so that there would 
result the water soluble layer containing the alcohol 
and the oil soluble layer consisting of the polym- 
erized products of acetylene. The alcohols on de- 
hydration yield the corresponding unsaturates as, 
for example, ethyl alcohol, 

C,H,OH ~ C,H, + H,O, 

which on dehydration yields water and ethylene. 
Similarly the peroxides which are much more un- 
stable than the alcohols would yield the correspond- 
ing hydrocarbon of the acetylene series. In either 
case, regardless of the starting materials, the prod- 
ucts caused by the action of heat and pressure would 
be relatively complex and would separate as oil solu- 
ble and water soluble layers together with fixed 
gases. 

The tendency of every system of chemically reac- 
tive materials on increase of temperature is to form 
products which are highly resistant to decomposition 
by heat. Water and the lower members of the hy- 
drocarbon series are very stable towards dissociation 
by heat and this accounts for their occurrence in the 
final products from the high temperature decompo- 
sition of carbon, hydrogen and oxygen containing 
compounds. The oxides of carbon CO and CO, are 
also very heat stable so they are likewise to be anti- 
cipated in the end products from high temperature 
treatment. 

The distinguishing group the alcohols is 
C— O—H, that is, one of the two oxygen bonds is 
attached to carbon and the other is attached to hy- 
drogen. The mean value for the terminal effect of 
the COH group is given by Thomsen as 4,467 calories 
on a gram-mol basis or on a pound-mol basis 8,041 
B.t.u. The heat of formation of methane, CH,, is 
given as 10,719 B.t.u. per pound mol while that of 
the corresponding alcohol CH,OH (methyl alcohol) 
is given as 16,013 B.t.u. The difference between the 
two is therefore 16,013 — 10,719 = 5,294 B.t.u. The 
molecular weight of methane is approximately 16 and 
that of CH,OH is approximately 32. On a pound 
basis 5294 —- 16 = 331 B.t.u. are given out when 1 Ib. 
of methane burns to 2 lbs. of methyl alcohol. (Note: 


for 
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All calculations are made on the basis of 68°F. and 
in the vapor state). Roughly, considering that this 
reaction did go to completion and that the specific 
heat of the mixture was 0.5, the temperature would 
rise 331°F. above that at which ignition took place, 
if no heat were abstracted and only the stoichio- 
metric proportions necessary to the reaction were 
present. 

If the monohydric alcohol corresponding to satu- 
rated hydrocarbon is taken, it is found that the dif- 
ference in the thermal effect is practically a con- 
stant and the same as for methane and methyl alco- 
hol. As, for example, the heat of formation of ethane 
(C,H,) is 18,749 B.t.u. per mol while that of the cor- 
responding alcohol (C,H;OH) is 24,080 B.t.u., a dif- 
ference of 5,331 B.t.u. which corresponds rather close- 
ly to the difference of 5,294 B.t.u. between methane 
and methyl alcohol. Likewise between propane and 
propyl alcohol there is a difference of 5,432 B.tu. 
Here again the agreement between the differences is 
close. 

The molecular weight of the hydrocarbons in- 
crease with the ascension of the series, so there are 
more pounds per pound mol. The amount of heat 
necessary to raise the temperature a given difference 
also increases but the difference between the heats 
of formation remains practically a constant. There- 
fore one would not anticipate as great temperature 
rise on the partial combustion of propane to propyl 
alcohol. The temperature of reaction should be 
easier to control. In most of the work done on the 
partial oxidation of the saturated hydrocarbons very 
little attention has been given to the control of the 
temperature of reaction, nor have means been pro- 
vided for the rapid dissipation of the heat of exother- 
mic reaction. As the degree of oxidation is increased, 
the amount of heat evolved becomes greater. In 
other words more heat is evolved in the oxidation 
of methane to formaldehyde than in the partial oxi- 
dation of methane to methanol. In the partial oxida- 
tion of formaldehyde to formic acid, heat is again 
evolved and likewise in the oxidation of the formic 
acid to the oxides of carbon and water more heat is 
evolved. 

THE ALDEHYDES 

The aldehydes are considered to be derivatives of 
the alcohols similarly as the alcohols are considered 
to be derivatives of the hydrocarbons. The charactet- 
istics of the aldehydes is the grouping 
H 


| 
—C=0. 


They are obtained from the alcohols by oxidation as 
follows: 


H H 
ee ee tr ee 
H 


They may be considered as being obtained from 
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the saturated hydrocarbons by the action of mole- 
cular oxygen 
H H H 


ee | 
H—C—C—H+0,—>CH;C = 0+ H:0 


hon 

In the oxidation of the saturated hydrocarbons by 
air or free oxygen it would seem that the only logi- 
cal assumption would be an aldehyde as a primary 
reaction product, a theory which seems to check with 
results of numerous investigations. Grant that the 
concept of all matter as consisting of atoms and 
molecules is correct and that in the free 
state occurs in the molecular form graphically rep- 
resented by the symbol, O=O, signifying that the 
two atoms are bound by a double bond which is elec- 
trical in nature. Before reaction could take place, 
the bonds between the two atoms must break. Tak- 
ing the preceding equation of the reaction between 


oxygen 


ethane and oxygen for the production of acetaldehyde 
and water, for illustration, the following reasoning 
would logically apply. 

1. The oxygen molecule must be brought into 
close physical contact with the molecule of ethane 
so that the chemical forces will act. 

2. Granting that the six hydrogen atoms are ex- 
ternal and the carbon atoms form the nucleus, the 
oxygen molecule would first contact the hydrogen 
atoms. Graphically this could be represented as fol- 


molecule instead of attacking the hydrocarbon mo- 
lecule may attack an already partially oxidized 
molecule. In their nascent conditions such partially 
oxidized molecules would probably be easily suscep- 
tible to attack by oxygen. Therefore the time ele- 
ment must also be given consideration as well as 
that of admixture. The fact that the oxidation of 
hydrocarbon takes place in stages may be consid- 
ered as fairly definitely established, but the mechan- 
ism by which these reactions occur, is not under- 
stood. Adequate means for the control of temper- 
ature, time, catalyst and pressure must be provided, 
otherwise the products will be those of chance rather 
than of choice. 

In the restricted oxidation of the hydrocarbons the 
chance of two or more molecules of oxygen reacting 
with one hydrocarbon may be lessened by using an 
excess of hydrocarbon. Where resorted to, such 
procedure has been found to give improved yields of 
oxygen-containing hydrocarbons. There is also the 
added assurance against overheating because of the 
mass of non-reacting hydrocarbon absorbing the heat 


of reaction. The chance of pyrolysis is therefore 
diminished. ; 

In chemical reactions that take place in the liquid 
phase, the difficulties of heat dissipation are not as 
great as for those that take place in the gaseous 


state, inasmuch as cooling may be accomplished by 








lows: 
H H H 
O=0O =O O= Sm | 
H H H H H H oO O O 3 .: 
* ‘ i | | | 
H—C—C—H + O=0 > sds oe — en out dg - one + H—O—H > aii? ets me 4: 
| | | we 
H H H H H H és H H H H 





The glow effect noted by a number of investiga- 
tors when hydrocarbons are oxidized in glass or 
quartz tubes is probably due to some molecular re- 
atrangement similar to those given as illustration. 
such glow phenomena are common to unstable or- 
ganic molecules undergoing atomic rearrangement. 
Molecular energy does not always have to be liber- 
ated in the form of heat waves. The evolution of 
light has something to do with the change in the 
form of energy from a higher to a lower level. 

In all the oxidation reactions of the hydrocarbons 
which take place in the gas phase, the element of 
chance would play an important role. Thus one 
molecule of ethane might be contacted with two 
molecules of oxygen even tho the stoichonetric pro- 
Portions were correct. In such an event, water and 
carbon monoxide might result 


C,H, + 20,> 3H,O +2C0 


In order to lessen the element of chance, thorough 
admixing of the reactant gases should be attained 
M so tar as possible. 

Then again there is the chance that the oxygen 
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cooling coils and agitation. Then again the effi- 
ciencies of heating or cooling surfaces are many 
times higher for a liquid than a gas. However, in 
all such reactions that take place in the liquid phase, 
where the reactions are exothermic, temperature 
control must be provided, otherwise the reaction 
goes “wild.” The same is true of reactions that take 
place between gases, and it is not readily apparent 
why the majority of investigators have neglected 
this point in studying the oxidation mechanisms of 
the paraffin hydrocarbons. If means for heat dissi- 
pation are not provided, it is difficult to foresee how 
the products of any extensive hydrocarbon oxidation 
could be other than those of pyrolysis. It is one 
thing to initiate a reaction but it is another to control 
it once initiated. 

In the formation of the aldehydes from the corres- 
ponding saturated hydrocarbons, a large amount of 
heat is evolved. This heat must be dissipated rapid- 
ly otherwise the temperature of the mixture will 
rise to the point where “cracking” will occur. If 
“cracking” is the objective, well and good; the less 
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cooling the better; but, if aldehydes are the objec- 
tive, cooling should be provided. The average dif- 
ference between the heat of formation of the corres- 
ponding alcohols and aldehydes is apprceximately 


1,692 B.t.u. per Ib. mol; between the correspond:ng 


aldehyde and saturated hydrocarbon 9,733 B.t.u. 
“The thermal effect associated with the group 
H—C=O is an average of 11,678 B.t.u. It is ob- 


vious that the control of temperature cannot be over- 
emphasized in so far as it pertains to the oxidation 
of hydrocarbons to oxygen-containing hydrocarbon 
derivatives. 


ETHERS, KETONES, ACIDS AND ACID 
ANHYDRIDES 


The oxidation of the saturated hydrocarbons may 
yield higher oxidation products as well as the alco- 
hols and aldehydes. The empirical formulae of the 
ethers correspond to the alcohols, the difference in 
properties are due to the architectural arrangement 
of the atoms. ‘Thus the empirical formula for di- 
methyl ether and ethyl alcohol may both be ex- 
pressed as C,H,O but graphically they are written 


mn 6 


H—C—C—O—H = (ethyl alcohol) and 
j ] 

H H 
H H 


H—C—O—C—H 


H 


(dimethyl ether). 


H 


The difference in properties is due to the two carbon 
atoms being attached to the oxygen in the ether 
whereas in the alcohol the oxygen is attached to a 
hydrogen and a carbon. Organic chemists regard 
the ethers as derivatives of the alcohols in which 
the hydrogen atom has been replaced by the alkyl 
radicle. Thus, for illustration, CH,—O—H (methyl 
alcohol) or CH,—O—CH, (dimethyl ether) in which 
the group CH, replaces H. The ethers are normally 
obtained from the dehydration of two molecules of 


alcohol, thus: 


2CH;OH — CH;OCH; + H:0 


In any oxidation of the saturated hydrocarbons by 
means of oxidizing agents other than free oxygen, 
the alcohol formation would likely take precedence 
over that of the ethers. However, if such oxidations 
took place in the presence of dehydrating agents 
such as alumina, sulfuric acid, phosphoric acid, phos- 
phorus pentoxide, etc., ethers would likely appear in 
the reaction products. The possibilities suggest a 
fertile field for research. Ether was once used to a 
considerable extent to give “pep” to gasoline. Some 
of the higher ethers than the diethyl ether used 
might prove valuable as an ingredient of motor fuel. 





There are also possibilities in the use of higher aleo- 
hols in a similar manner. 

The aldehydes are the first product of oxidation 
of the primary alcohols. The ketones are the pr: 
mary oxidation product of the secondary alcohols, 
There is a marked resemblance in characteristics be. 
tween the aldehydes and ketones because of the 
double bonding of the oxygen to the carbon atom, 
The differences are due to the replacement of the 





hydrogen by an alkyl or aryl radicle. Thus the syn. 
bolic formula for acetaldehyde is: 





H O 
ae ee 
| 
H 


whereas that of acetone is: 





H O H 
ei ee 
Se yee ee 
| 
H H 
30th aldehydes and ketones resemble the unsatv- 
rated hydrocarbons in their ability to form additive 
Both are active chemical and decon: 
pose easily by heating under pressure. 
sition by heat under pressure, oil soluble liquids and 
water soluble liquids separate. Reid and Herndon 
decomposed acetaldehyde at 325°C and acteone a 
400°C and obtained oil soluble and water soluble 
layers and also fixed gases. 


compounds. 





On decompo: 





The formulae for the ketones require three or mort 
That is, there must be a carbon t 
which the oxygen is attached and at least two rat- 
icles containing a carbon atom each. 


carbon atoms. 


The lowest hydrocarbon, therefore, that could be 
used for the production of a ketone by direct oxide 
tion would be propane. Thus acetone might be cor 
sidered as a direct oxidation product of propane 


accordance with the reaction: 


CH; . CH: . CH; + O: ~ CH; . CO . CH; + H:0 


with butane,— 
C:H;CH. . CHs + O: —~ C:HsCO CH; + H:0O 


and with pentane, 
C:H, . CH, . C.H; oo O: <> C.H;COC.H; 


It is probable that the undirected reactions of ox’ 










gen with members of the paraffin series higher tha! 
ethane would produce both the ketones and the alde 
hydes. 
The carboxylic acids represent a higher stage 
oxidation than the aldehydes and ketones. The sit 
plest monocarboxylic acid is formic acid having tht 
formula H.COOH. The characteristic grouping {0 

the series is: 
| 


nt Hina ect 
The next in the series is acetic having the fo 
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r alco- 


mulae CH,COOH. The acid anhydrites may be con- 
jdered as derivatives of two molecules of the acid 





Simple Safety Device 














‘dation irom which water has been abstracted. 3 
1€ pri- 
“lca coo# | cmc =0 Stops Uncooled Engine 
ics be. CH; CO|OH CH; f: "a O bia 
of the -——- T the combination plant operated by Charles E. 
+ —Ct=0 é 
atom The grouping SO A kos near Covington, Oklahoma, where a small 
of the —C¢ = 0 crude skimming unit is operated in conjunction 
e sym is characteristic of this series of compounds. They with a natural gasoline plant, a simple safety device 
represent a still higher stage of oxidation than that has been developed to stop the compression equipment 
represented by the carboxylic acids. whenever the water supply is cut off. This “sure shot 
The end products representing the highest stage trouble stopper” effectively removes danger of damag- 
of hydrocarbon oxidation are carbon dioxide and ing the machine, by a simple method of cutting out the 
water. These are the products of unrestricted com- Magneto. 
bustion such as occurs in an open flame. Water in circulation through the engine jackets of 
The hydroxylation theory has been widely accept- the compression and power cylinders is maintained un- 
ed as accounting for the mechanism of the oxidation der pressure. Normally this pressure is about 15 pounds 
reactions of the paraffin hydrocarbons. It has also and to prevent overheating in the event the pump should 
been widely criticised because the hydroxy deriva- loose suction, a magneto cut-out is provided to shut the 
ae have not been identified in the products of re- engine down. A 30-pound pressure gauge is placed on 
insatu- Nagar prod ehgorn ee a connection just under the power cylinder. The glass 
dditive re RE ah ; ppearance of was removed from the gauge and a small hole was 

the primary alcohol cannot be taken as evidence that : . See ae : 
lecomfl the hydroxyl formation does not oc I a drilled at a point near the zero indication on the dial. 

1 yt occur. In any oxi i 

‘OMPH dation wherein free oxygen is used, it is in the mo- A cible Sealy ae Re ee — ous peed 
ds andl lecular form. It is logical to assume that the two neto to the pressure gauge, where it is fastened with 
erndonf atoms of oxygen in one molecule would attack the 2 small screw so that the end of the cable when in posi- 
one aMhydrocarbon at one point. Therefore, two hydroxyl tion forms a stop for the indicator hand of the pressure 
soluble groupings would exist at one point in the hydrocar- 8@¥8®- As long as the water pressure is above zero 

bon at the moment of primary reaction and thus pro- pounds the engine continues to operate, but if for any 
r mort duce an unstable formation. Oxygen is bound to it- Teason the water pressure drops to zero the hand on 
bon ti self until the bonds break. At the moment of rup- the pressure gauge drops against the improvised stop 
o rad ture reaction would occur. Take, for example, in a and the magneto instantly ceases to function, thus stop- 

long chain hydrocarbon such as, for illustration, ping the engine and preventing damage to the compres- 
uld be normal pentane: sion machinery. 
oxida —__ MS e0s er AA Revere : 
ye CON es 
ane It z m 

H HH H H HHO O'R 
ea oe l 
H.0 & H-—-C—C—C—C—C_H + 0=0 > Htc — CH,CH:CO CH.H: + H:0 
H HH HH Hound H 

() 

The two hydroxyl groups occurring in proximity ferred, one might expect to find methyl alcohol as a 
to each other would cause water to split off and product of the oxidation of methane, ethyl alcohol 
there would be formed an aldehyde or ketone. The from the oxidation of ethane, etc., but not in the ac- 

f Ox! recognition of the aldehyde or ketone in the end _ tion of free oxygen in the molecular form. 
-r that product would not disprove that hydroxylation had Other theories relative to hydrocarbon oxidation 
e alde not taken place. and the effect of pressure and catalysts will be dis- 
iad In reactions where an atom of oxygen is trans- cussed in subsequent articles dealing with the subject. 
1e sift 

ng the 
ing fot 
1e for 
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Flash Tower 


Removes Water and Sand 


tra crude containing on an average of two per 

cent of salt water and sand has in the past caused 
Dale Oil & Refining Company many days of shut down 
time in cleaning out the first shell still and the lines 
leading to it. After several experiments, an installation 
was placed in the refinery which has since proven very 
beneficial in removing from two to five tons of salt and 
sand each week before the oil in process reaches the 
shell battery of stills. 

In the flow sheet layout, the oil was previously 
pumped through a large heat exchanger in counter flow 
with the residuum from the evaporator which stripped 
the oil from the pipe still after the light cuts were re- 
moved in the shells. Low pressure was maintained on 
the charging stock, which, when permitted to acquire 
sufficient heat to vaporize the water, carried the salt in 
suspension together with the entrained sand directly to 
the first shell still where it was deposited. In conse- 
quence, it was necessary to shut down this unit on an 


P is crude co Wilbarger County and South Elec- 


average of every 10 days to clean out the accumulation 
in the shell. This not only delayed the operation of 
the plant, but was quite detri- 


mental to the life of the still bot- 


Showing, at right, the primary tower 
which acts as a sand 


A primary flash tower was placed in the line between 
this economizer and the first shell still to receive the 


oil at an average temperature of 290° F. Up to this 
tower, the oil is carried at 45 pounds pressure, main- 
taining practically all the water as a liquid carrying the 
salt in solution. Using a gate valve to reduce the pres- 
sure, it is opened just enough to maintain the required 
back pressure on the oil until it reaches it, then, after 
passing through the gate, the charging stock has the 
pressure released sufficiently to permit the water to 
flash into steam. 
This flash tower performs a double service : it removes 
a part of the light vapors in the oil; and serves asa 
drum which receives the sand and salt which have been 
released into it. Since its installation, practically all the 
sand and salt has been accumulated in it, rather in the 
first shell stili under the previous method of operation. 
A by-pass line leading around this tower allows the 
operators to cut it out of service when the accumulation 
of sand and salt has been built high in the base of it. 
A blow-off line leads from the 


dae nal aie lower head of the tower which 





tom, causing it to blister, and the 





















deposit of the sand and salt ac- 
celerated the formation of coke. 
In the vapor line between the 
vaporizer and the bubble tower, 
a Southwestern type Y210 ex- 
changer was placed on a tower so 
that the line of flow of the charg- 
ing stock 


through the tubes. Picking up a 


could be pumped 
temperature through the old heat 
exchanger and this new one of 
240° F. the oil was led through an 
economizer, built so that the hot 
gases from the furnaces of the 
Shell stills could be utilized to 


heat the oil to a still higher temp- 
erature. 
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cumulation drum in the Dale Oil & 
Refining Company’s plant at Electra, 
Texas. 


“ 
J 


a) 
= 
<7 
a 
= 
a? 
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4 





serves to remove the principal 
part of the accumulation, but oc 
casionally the sand builds up ané 
blocks off this drain valve. 

Since this device has _ beet 
placed in operation the first shel 
still has been taken out of service 
periodically for inspection; but 
there has been no accumulatiot 
of consequence in it, either 
sand, salt or coke. George Jet 
nings, plant superintendent, say’ 
that occasionally, depending upo 
the condition of the charging 
stock, he has removed as much 4@ 
15 tons of salt and sand from 
primary flash tower in a week! 
time. 
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GEORGE REID 


Associate Editor 


Knough Refinery Capacity 
... But It ls Not All Modern 





of capacity, compared with 69 








ITH the exception of 
W the year 1926, the pe- — oi panes per cent in 1930, and 78 per 

troleum refining in- 1932 itis 1931 cent in 1929. This continued 
dustry has shown an increase pens 68,715,000 70,207,000 decreasing in percentage of 
in non purty in each of a ce aae ane 73651000 operated capacity, the con- 
the 12 annual reports ot the April 71,131,000 74,761,000 tinued increase in shut-down 
Bureau of Mines. During the May 74,669,000 78,521,000 capacity, and increase in the 
past five years, however, this Five Months 346,831,000 362,454,000 number of shut-down refin- 
growth in capacity has been *Bureau of Mines monthly petroleum reports. eries (even though many of 





increasingly small until the 





them are so obsolete as to be 





difference in capacity in 1932 
as compared to 1931 is but 32,743 barrels. This was 
sufficient to bring the total rated capacity to 4,020,428 
barrels per day. Apparently economic conditions are 
finally and actually discouraging expansion of crude 
running facilities ; which expansion could well have been 
stopped in 1929 when the industry was operating at 78 
per cent of its capacity, as against 65 per cent in 1931. 
Since 1929 the number of refineries has grown from 
427 to 479. 
to 365, but on the other hand, the shut-down refineries 
have mounted in number from 72 in 1929 (54 in 1930) 
to 108 at the beginning of 1932. 


Operating plants have increased from 341 


During the same four-year period, operating capacity 
has been steadily increasing, despite gathering economic 
With operat- 
ing capacity in 1929 of 3,325,890 barrels, increases were 


storm clouds, (and subsequent deluge). 


shown in 1930, again in 1931, when operating capacity 
was 3,706,610 barrels, but dropped back to the 1930 
level of 3,622,092 barrels at the beginning of this year. 
Capacity shut-down has increased from 130,760 barrels 
in 1930 to 389,616 barrels in 1932. However, construc- 
tion figures (speaking only of new crude oil process‘ng 
With 99,000 barrels of 
new capacity bu'lding (14 plants) at the beginning of 
1929, only 8720 barrels (six plants) was reported at 
the beginning of 1932. Perhaps this is to be taken as 
some indication of recognition by the industry that fur- 
ther expansion of crude treating facilities is not 
warranted. 


units) have been decreasing. 


According to the annual survey of refineries in the 
Un‘ted States as of January 1, 1932, now ready for dis- 
tribution by the Bureau of Mines (I. C. 6641), in 1931, 
the average total capacity of the operating plants 
amounted to 3,744,000 barrels, and the daily average 
crue throughput was 2,450,000 barrels. This indicates 
thai the refineries operated at an average of 65 per cent 
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impractical in operation) can 
well be interpreted as a “stop signal” in so far as fur- 
ther expansion of the crude oil processing ability of the 
industry is concerned. : 

The foregoing does not mean that the refining indus- 
try will be able to “rest on its laurels” for a period 
of years, engaging in no major construction programs. 
Present operating capacity of the industry is between 
30 and 40 per cent obsolete, worn out, or hazardous of 
operation. Competitive conditions within the industry 
will bring about the continued installation of additional 
modern distillation facilities. In order to compete with 
other units the going concern must take advantage of 
developments in distillation, both vacuum and atmos- 
pheric, in fractionation where scientific research b‘ds 
fair to cause some additional changes through improve- 
ments and in stabilization and rectification. 

Present conditions in this industry, and the trend in 
motor fuel manufacture and motor fuel demand, do 
however, point to continued difficulty in profit making 
for the refinery not equipped with skimming, cracking, 
and stabilization facilities. Despite the fact that these 
conditions and these trends which have caused wide- 
spread activity in construction of cracking and naphtha 
reforming (cracking) units, and stabilization systems 
for the past two years, the number of skimming plants 
increased from 242 in 1930 to 259 in 1931 and again 
increased from 259 in 1931 to 299 in 1932 (as of Janu- 
ary 1)—an increase of 40. Something of the hazard 
involved in this phase of the industry is shown in the 
analysis of the status of these plants. On January 1, 
1931, 190 skimming plants where operating, 60 were 
shut down, nine where building, whereas at the begin- 
ning of this year, 208 skimming plants were operating, 
86 were shut down and only five were building. Of the 
total of 299 plants classed as skimming, 86 were shut 
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down. Breaking-down further it is found that 119 skim- 
ming plants are equipped with cracking units and of 
this number only 21 were shut down at the beginning 
of this year. On the other hand, there were 180 
straight skimming plants, not having cracking facilities, 
and of this number 65 were shut-down. Compared with 
previous year the number of non-cracking skimming 
plants now inoperative is greater than in any previous 
year. It is this group of refineries for which operation 
at a profit is becoming increasingly difficult and trends 
of the industry point to the fact that entry into th’s field 
is becoming increasingly hazardous. 


PLACE FOR SMALL PLANTS 


Without question there is a place in the refining in- 
dustry for the independent or small refinery and there 
is a place for the skimming plant not equipped with 
cracking facilities, but the place of this latter group is 
rapidly becoming restricted and untenable because of 
factors not governable by the industry. The influencing 
factor of most importance in this connection is that of 
increasing production of small cars of high compression 
ratio, and the increasing compression ratio of larger 
automobiles, which demand of the refiner that he pro- 
duce a motor fuel of higher octane rating than is pos- 
sible through straight skimming methods. 

The place or position of the independent refiner, 
especially those not owning or controlling market!ng 
outlets and are dependent upon the jobber or whole- 
saler for the movement of motor fuel, kerosene, furnace 
oils, fuels and the like, can be strengthened only through 
the manufacture of products capable of competing with 
quality products secured by efficient facilities of larger 
and perhaps more modern plants in his territory. It is 
difficult to dodge the issue that skimmed gasoline of 
50 to 55 octane value will not compete with 60 to 65 
octane regular motor fuel sold and demanded to satis- 
factorily perform in the modern motor car. 
155 companies manufacturing petroleum products but 
not employing the cracking unit and in the face of 
present demands of the marketing branch of the indus- 
try, and current commercial specifications calling for 
definite octane ratings, it appears-that further applica- 
tion of the cracking process is necessary. 


There are 


SCALE OF OPERATIONS 


While the foregoing discussion has had to do with a 
comparison of the industry during the years 1930, 31 
and 32, it is interesting to note that the operations by 
months, during this year, closely approximate the opera- 
tions for the first five months of 1931. During the 
first five months of this year refiners have processed 
15,623,000 barrels less of crude oil than during a like 
period of 1931. Due to increased recovery of gasoline, 
both by skimming and cracking, total production of 
gasoline during the first five months of 1932 was but 
3,688,000 barrels less than the same period last year. 

A study of reports available covering operations 
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through May, reveals that the refining industry is oper- 
ating, on an average, the same number of refineries and 
further, it is operating at about the same percentage of 
capacity as last year. The average number of operating 
plants reporting each month this year has ranged from 
338 to 347, er an average of 343 plants. Compared with 
the first five months of last year, the average for the 
five months is the same, although the average monthly 
range of operating plants reported monthly was from 
a low of 335 to a high of 356. 


For both periods the average number of plants operat- 
ing monthly was 343, whereas the average percentage 
of capacity operating for the first five months of 1931 
was 64.5 per cent, as compared to the same period this 
year when average percentage of capacity operated 
dropped to 63. The refining industry in 1932 has been 
operating from a low of 60 per cent of capacity in 
operation in January and February, to 67 per cent of 
capacity in April and May, which was the same per- 
centage in operation during April and May of 1931. 

During the five months period the industry processed 
362,454,000 barrels of crude oil in 1931 as compared to 
346,831,000 barrels in 1932. This represents a decrease 
in total crude processed of 15,623,000 barrels, or about 
3,000,000 barrels less crude per month, on an average. 

From the crude oil processed in the first five months 
of 1931, the industry produced 87,105,000 barrels of 
straight run gasoline (21.2 per cent recovery) and 69,- 
758,000 barrels of cracking gasoline (19.2 per cent re- 
covery), which totals 156,863,000 barrels (40.4 per cent 
recovery) for the period. 

During the same period this year refineries have pro- 
duced 83,685,000 barrels of straight run gasoline (24.2 
per cent recovery) and 69,470,000 barrels of cracked 
gasoline (20.0 per cent recovery) from the 346,831,000 
barrels of crude run, or a total of 153,165,000 barrels of 
motor fuel, which represents 44.2 per cent recovery. 
The difference in volume of gasoline produced for the 
two five-month periods is 3,698,000 barrels (less in 
1932). 

These comparisons indicate that the refining industry, 
operating about the same number of refineries as last 
year, and operating at about the same percentage of 
total capacity has, through various contributing factors, 
been able to secure an increased recovery of about four 
per cent gasoline over the same period last year, and 
has run over 15,000,000 barrels less of crude and pro- 
duced but about 3,500,000 barrels less gasoline. Cor- 
sumption of natural gasoline has shown a marked de- 
crease so far this year. 

Contributing to the increase in straight run gasoline 
recovery as compared to the first five months of last 
year, is the larger production and consumption of 
lighter crudes in this country and a tendency to ctt 
deeper into the crude at refineries where naphtha re 
forming (cracking) units have been installed during the 
past year, and also the operation of several new skinr 
ming plants, in light oil fields. 
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